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Preface 


This report was a joint project of the United States Department of Agriculture and State 
Land-Grant Universities. It was prepared by a team of scientists from these organizations to 
provide sound, current scientific information on the benefits of phorate and terbufos to United 
States agriculture. This report is a scientific presentation that may be used in a benefits and 
risks assessment under the Special Review process required by the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA) as Revised in October 1988. 


The Extension Service/NAPIAP staff would like to express their sincere appreciation to the 
members of the phorate and terbufos assessment teams and to all others who contributed to 
the preparation of this report. This report could not have been completed without the help of 
the State Cooperative Extension Service and Experiment Station personnel who provided the 
usage data used in the analysis. The leadership of the chairpersons, Drs. James S. Bowman 
and Harold J. Stockdale, and the subteam coordinators, Drs. Rick L. Brandenburg and Susan 
P. Whitney, was instrumental in completion of this report under an accelerated time schedule. 
We wish to acknowledge the contributions of Drs. Harry Gaede and E. David Thomas of the 
U.S. Environmental Protection Agency for their constructive input throughout the preparation of 
this report. The efforts of the following team members are also acknowledged: Drs. Harold G. 
Alford and Vernon E. Burton (University of California), Dr. Stanley Coppock (Oklahoma State 
University), Dr. Osvaldo Cotte (University of Puerto Rico), Dr. Stewart R. Race (Rutgers 
University), and Dr. Armand L. Padula (Pesticide Assessment Laboratory, USDA-ARS). 
Members of the USDA/NAPIAP Technical Advisory Group reviewed the final draft of the report 
and made valuable suggestions for improvements. The preparation of this report required a 
collective effort by all of the individuals mentioned. A sincere thank you is extended to all. 


NAPIAP Staff 


Extension Service/NAPIAP, USDA 
Washington, DC 20250 


Dr. Hollis D. Hall, NAPIAP Administration 
Dr. Dennis D. Kopp, National Program Leader 
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Executive Summary 


In June 1990, the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 
began an assessment of the use of phorate and terbufos in United States agriculture. The 
results of the NAPIAP assessment have been published in this report so that the U.S. 
Environmental Protection Agency (EPA) will have an overview of the benefits of phorate and 
terbufos use to United States agriculture. The scope of the report has been limited to an 
evaluation of the economic benefits to United States agriculture which are obtained from the 
use of these insecticides, and the social and economic impacts that would likely occur should 
their use be canceled by federal regulations. Because the health and environmental impacts 
associated with the use of these insecticides will be evaluated by EPA, these aspects have 
been discussed in this report only as they relate to United States agriculture. 


The economic impact on producers and consumers of agricultural products in the United 
States caused by the cancellation of phorate would be an annual loss of $21 million (Table 1). 
Corn and potato producers would sustain the greatest economic loss if phorate is no longer 
available. The economic impact caused by the cancellation of terbufos would be $127 million, 
including a loss of $118 million to corn producers and consumers. The aggregate economic 
effect on producers and consumers caused by the cancellation of both phorate and terbufos 
would be an annual loss of $168 million. The economic impacts on each commodity are 
summarized below. 


Beans: Phorate is applied to approximately 2% of dry bean acreage and 12% of snap bean 
acreage in the United States. Only 5 of the 17 major bean producing states use phorate. 
However, phorate is essential to maintain the economic viability of the industry in Idaho. The 
use of alternative insecticides would not adversely affect bean yields, but application costs on 
dry and snap beans would increase about $10 and $3 per acre, respectively. The resulting 
economic impact caused by the cancellation of phorate would be an annual net loss of $90,000 
for dry beans and $235,000 for snap beans. 


Corn: Granular insecticides are applied to 38% of U.S. corn acreage. Terbufos, which is 
applied to 15% of corn acreage, is the predominant soil insecticide used to control corn 
rootworm, the principle insect pest of field corn. Based on the results of the benefits analysis, 
the continued registration of terbufos for use on corn is essential. Terbufos is generally 
considered to be the most efficacious insecticide available for controlling corn rootworms. In 
addition, terbufos provides excellent protection against wireworms and white grubs. The annual 
use of terbufos on over 10 million of the 26 million corn acres treated with insecticides is strong 
evidence that the registration for this insecticide should be maintained. Alternative granular 
insecticides are currently available for use on field corn, but there is uncertainty regarding their 
future availability. The cancellation of terbufos would cause yield reductions when corn 
rootworm infestations are extremely heavy and when terbufos is the only efficacious product 
available. Yield reductions would be significant in the southeastern states should carbofuran 
also be canceled due to difficulty controlling infestation by lesser cornstalk borer and 
nematodes. The discontinued use of terbufos would cause a 5% reduction of yield on treated 
acreage and would increase treatment costs slightly. Reduced yields would cause prices to 
rise about 2%. The cancellation of terbufos would result in an aggregated loss of $118 million 
per year. 


: 
i 
gh 
i 3 
ae 
‘ ) é 
' ‘5 . 
Ysp 4 Dae 
m . 
9 
7 yi 
te 
1h 7 
) en jon 
h Ts 
oye hes 
Si 


aff @ soturhet néviw Dns ynart Ylemewxe OM cnet — 


2 6 Gullo Doow eoluciel lo eau beunlinogelb oat 


~ p 2S 


ViIninive avifusSe oa 










































pack ie « =| ‘ ' init ot Oeer of’ 
) ; “> emezo2as baat 


i’ 
VAIN! ott 10 alle — 
c A nairperar4 leine be 
. ; agrale Get o} aby some 
gee 
¥ : ; | HYPO int? to NOt 


a aabinives st 626 iC 
maoet yo boleoies od OB 
ue gre Pac pas 0 
Ga: aun y ail ) 


‘ D ih re ™ is ae 
re wiscein. wt wi Beauss 2 


5 7 ' wn Voo"W © iskig bre is 
lon «is Kwy id ei? oh Ne Evi 
AOS cg ae 
TN oe oo] Ne Fi 

O 20 (hue is oo 


waled te 


* 
wr 
~ 

“as 

iad 
of 


Oe oi que oi obi -3f 
ns Avngd 3 > bom) oftt rs 
ian oft oes & oer 3 
n ts yiewevbe fon tive Loant evidamnents 
is 2 tiacts eeamomw ayow artaed gare & 
N glee 7 or yo Bemus naga v0 % 
ey Qecs 7 | (00. 265¢ Dap snmodt 10.96 
? tholiegs au 2eleaioegn velar) ‘ine " 
. i intunrcest zi woretes mea to sat OF Came 
) art noo biel! lo Seq leew ekgioring ad? Are tn: 
» 2) moo mh t sctudiet to neteuaigan beuniing 
. (S)'6vE SNA st auciceshe tear ert! aol & » oe 
as Heralente (CO@TONg inebtcnee eave MCRL Je 
N cade og A ; Se?) lo cexlim OF veve Ao soludned 19) 
uaT) act bluorie ete utoogw aiff vo? noipiaige) ett Mi des 
ix! 0 bist no -eay we? etdinleve (ter oN a 
Vv we the sah} 7 O Malallootes eft VP : ove @ 


uiPeetivoe eit! fm nent mluow afoiioube 


18S Th nie pith muioiing 5 yalualilN of eub b 7 : Be 


Hv LeowouA yiirig min al2zq fiemicadv CSBHtwu bug 


iueot biacw 2ohudhel 39 nx pean 1 ; 


Phorate has been registered for use on corn longer than any other soil insecticide. It is 
several dollars per acre cheaper to use than terbufos, but it is not as effective when corn 
rootworm populations are high or when environmental conditions are not favorable. Alternative 
insecticides are available that are more efficacious, but more expensive, than phorate. The 
economic impact would be minimal if phorate is withdrawn, since it is used on only 3% of the 


corn acreage treated with granular insecticides. The cancellation of phorate would cause a net 
loss of about $10 million per year. 


The cancellation of both terbufos and phorate would reduce corn yields by 5% on treated 
acreage, would slightly increase production costs, and would increase corn market prices. The 


al economic impact caused by the cancellation of these two insecticides would be $146 
million. 


Cotton: Phorate use in cotton is limited due to the availability of alternative granular and 
foliar insecticides. Increased use of foliar insecticides may have detrimental effects on 
beneficial arthropods and present a drift hazard. Alternative insecticides cost about $6 more 
per acre to apply, but yields are about 3% greater when they are used. The net economic 
impact would be an increase of $2.3 million per year. However, the primary alternative 
wee aldicarb, is under Special Review and may not be available to producers in the 
uture. 


Peanut: Phorate is used on less than 10% of peanut acreage. Because of its limited usage 
and the availability of several insecticide alternatives for early and mid-season insect control, 
the economic impact caused by the loss of phorate would be a loss of $660,000. Although the 
economic impact of its cancellation would be minimal, there are several other factors that must 
be considered before a regulatory decision is made: 1) the need to maintain an adequate 
number of insecticides for control of the insect vector of tomato spotted wilt virus, 2) the remote 
potential for increased microbial degradation, and 3) the fact that some insecticide alternatives 
are under Special Review and would no longer be available should their registrations be 
canceled. 


Potato: Phorate is applied to 40% of the potato acreage. In the northeast and north-central 
production regions, cancellation of phorate would significantly increase production costs and 
would increase the development of insecticide resistance in populations of Colorado potato 
beetle and aphids. In the other production regions, cancellation of phorate would increase 
problems with wireworms on a localized basis. In the major production regions (Idaho, 
Washington, Oregon, Michigan, Wisconsin and the Red River Valley), cancellation of phorate 
would lead to a significant increase in the use of foliar insecticides. The greater use of foliar 
insecticides would increase the potential for pesticide drift and the potential for the development 
of pest resistance. The use of insecticide alternatives would reduce yield about 1% on treated 
acreage, but treatment costs would increase $12 per treated acre. The net economic impact 
would be a loss of $8.6 million per year. 





Sorghum: Granular insecticides are applied to 21% of the 11 million acres of grain sorghum 
grown in the United States. Phorate is used on 11% and terbufos on 25% of the acres treated 
with granular insecticides. Phorate is a broad spectrum insecticide that is used in all major 
sorghum producing states. Terbufos is used because it is efficacious and has broad spectrum 
pest control. Because several chemical alternatives to phorate and terbufos are available, yield 
reductions would be 2% and production costs would increase about $1 per treated acre if both 
insecticides were canceled. The net economic impact caused by the cancellation of both 
phorate and terbufos would be a loss of $2.3 million. The major pest of sorghum, greenbug, 
can be controlled with granular insecticides applied at planting or with foliar insecticides applied 
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later in the season. However, sorghum greenbug control is more difficult with foliar insecticides 
because they must be applied at the proper time. Pest resistance would be a greater problem 
should both phorate and terbufos (both organophosphates) be canceled, since only carbofuran 
and aldicarb (both carbamates) would remain as control alternatives. 


Soybean: Early season insect control in soybeans is very limited. As a result, phorate and 
other at-plant insecticides are rarely used. The cancellation of phorate would have a negligible 
economic impact on the soybean industry. 


Sugarcane: Phorate is applied to approximately 81,000 acres (32%) of the sugarcane that is 
replanted in the United States each year. Phorate accounts for 60% of soil insecticide usage 
on replanted sugarcane in Florida, the only state in which it is registered for use on sugarcane. 
Phorate is the predominant granular soil insecticide used on replanted sugarcane to control 
corn wireworm because it provides effective control of this serious pest at a reasonable cost. 
Alternative insecticides are available and provide similar control, but several of these are 
undergoing Special Review. Effective non-chemical management alternatives are available, but 
are not always practical. The cancellation of phorate would have negligible impact on yield or 
treatment costs. 


Sugarbeet: Phorate is applied to 4% of the U.S. sugarbeet acreage. The use of alternatives 
would result in a 1% decline in yield and a $23 per treated acre increase in application costs. 
The economic impact of phorate cancellation would be $1.4 million. 


Terbufos is applied to 24% of the acreage. The discontinued use of terbufos would result in 
a 2% decrease in yield, an increase application cost of $13 per treated acre, and a 2% 
increase in sugarbeet prices (assuming that sugar import quotas do not change). The net 
economic impact of the cancellation of terbufos would be $8.8 million. 


The loss of both pesticides would reduce yields 2.5%, increase production costs $15 per 
acre, and increase sugarbeet prices 3% (assuming that sugar import quotas do not change). 
The net economic impact would be a $12 million loss. 


Wheat: Phorate is applied to 0.4% of the U.S. wheat acreage. The cancellation of phorate 
would have little impact on wheat production but application costs would increase resulting in a 
loss of $171,000. 


Impacts on Wildlife 


There does not appear to be a significant threat to wildlife due to direct exposure and 
ingestion of phorate and terbufos granules if the granules are incorporated into the soil 
according to label recommendations. A NAPIAP survey of 154 individuals representing federal 
and state agencies in 50 states found 11 incidents of wildlife mortality caused by phorate and 4 
incidents caused by terbufos. Eight of the 11 wildlife mortality incidents involving phorate and 
all 4 of the incidents involving terbufos were associated with heavy rains that resulted in runoff 
or flooding. The labels of phorate and terbufos should be modified to limit or restrict their use 
on sites that have a high potential for flooding or excessive runoff into wetlands. Phorate and 
terbufos pose a minimal threat to wildlife when they are properly incorporated into the soil and 
when the potential for flooding or excessive runoff is not great. 












T , f ‘ . ri Ss VOW Oe a ahve weit en 
<—e 5 ari we beflqas oo st yor Sa 
dt Kiet bes oimorta ted & 


ES Hod) dustbin 


2 P a c gh 3 = 
. fh AOBBOs ——— 


1s 2etintyesnd Walt 


| Maedyoe afl] NO se ym Sam 


ae 































r it ott m de THA 
: ue Oe velgen mK nO 
; aay oct = Savor 
GME yu 6 owelwt “x 
“3 ores pvils fi 
| | siaar onhogrebap 
hoi 2vewds OY OME 
a> Punnies 
)) Le Ties | ec) epic 
web of? a¢ duet wow 
;* non snoneee & te 
nosso 110 o8S ot bollgat af some 
mune oem 6 591290 ofS i? 
it 4) 260(09 WOOSHU HO ; 
ge : 1 oO “™ecet: OT + 
4 
b 2300’  Muow eesotese Hed 16 aac gtk 
iia | adie 6 aaa leodtague casera! br Sram 
; re eo od fe) Shed sor ST 
se 


10 1 9 tu136 NO whe oF p a} erevartt Jeet’ 
eo J v2 (b= won teeure ofl ever bl 
000,* Tt8 te 


— 


Pal Havh al a bliw oT sseori? Inconiipts & de! Of TAS gEs fon 4906 ster i 

ne ati of . y wh ohne 40) ) aeynan solu one stevorin to nollie 

gr tsal § 207 erat wr io yew QAM A atetartecmecom reels J 
> bre oinrorto ’ is rice 4 to 2icettant LC’ bews!) eaiam 02 Th ae ROA906 
e oeK PINs om oifcliw FF orf io Wig .solucho! yo beeueo 2 
“Tf Qadgewan lan : ewan) Alt Detain ew 20hehsi Onivievm einebioni pert to. 

» wor) Bao ( Ol Gefiban od uct: suRetiot ive eis10d] to sledel ofT outs a 
mm, Stn sowlise oni Wetul *etagcas 1 Onion yt lainolog 1h 6 avert sith 
ie S) Gn bwgapOod Viegew! cet ver! meniw offiw of iseort iarinit © aeod 2 
1GSTy fon af Vor weeRd awe 70 gnibonit 10" teer¥6109 eft 


7 7 
guia 





» 


*9ueozebns uo esn A0JF poreqysTber sft YF ereym ojeyjs ATuo oy ‘eptIoT YW uf eHheeroe sueorehns 

pequetdez ey} Jo $09 UO pesn St ejeTOYd ‘“epTIOTA uz sreeA seryQ ATeAe pequetder sft eueorehns ‘peqeer} eheeroe pequetdez 3g, 
*MeTASYy TeToeds Aepun ATjJueTANO eTe Yeu seAT}eUTSRTeE SeTQeFA Jo Tequnu Seyy sft seseyquered if 1Jequnn, 

“TeoTWEeYO MEeTAET eYyQ se xeTdwod yoesuyt ewes BYR TOTqUOD JeYUA SEepfOTAOSsuT SATJReUTSATe Jo Tequnn, 

"O66T ‘sAeaaNS sojnqzey pue ejeTOUd dWIdWN :901Nnos, 








€00‘L2T- 0° OOT Asi, (Oni TeROL 
S18 ‘8- T° ?¢- (TE Sas BPE Z° 02 qeeqzrebns 
Sn Cat (€) v 0°'9 TS9 ZS wnybros 
‘eTSEASS ST 
WIOMJOOT uIOO SeTeYM 
Zeyeerb ssot plea €Z0 ‘8TT- pS (2) s L°06 €8L'6 O'ST uroo 
sojnqiey 
SS9 ‘07¢- 0°OOT BZE'S TROL 
*4yseoeyqnos 
uz oedut 
zofew /4ysem pue 
qAsemptu ut pretA 
uo jyoeduyt [ewTUTW LETS 0°O CEFac €°S p8z vO qeoym 
ZT+ 0°0 GE Ls vOE pO’ ZE eueozrebns 
O€b‘T- Ont= (Hee O'T €sS SEG qeeqiebns 
0 0°0 (ClmG baa 6S 0 ueeqhos 
Les ‘T- T° 2= (€) & b's 682 fad unyb20s 
*eoueySsTser 
qysed roy TeT Quejod 
zejeer16 pue sysoo 
uoFzonporad *AoOurL 06S ‘8- £70- (Ties OLE TS9'T b'ep ojejod 
099- Z°O+ Kal Rs BG cbt 8°6 qnueed 
662 ‘7+ Cet (Ze b'S 062 ay uo }WqO0d 
£Sc.0 t= L20= (Z) ¢ DTD (Mol! fA Vane uzoo 
06- 0'0 (ele S‘O QE OT aE deus 
Gec- 0°0 ot LUD T aa) Ez G‘T Aap 
supveq 
eq4er0ud 
($¢ puesnoy4) (%) (24/Fe QT puesnoy) (%) 
squUSWUOD qoedut PTetA SeATIeUIERTe ebesn pesn peqeei4y dozo 
oOTwouo[e ut OTAeTA Jo ¢% TeoTweyo Poly pue 
JEON ebueyo qjO TEquNN TeIOL Teotweyo 
SoS See. peTeoues TeotTweyo JF sqzoedwy ------------ ----------- esn Jo 4ueqyXg ----------- 





eSuoT eAASTHer AFeyA Jo voTyAetTeocues Aq pesneo sjoedwyt pejewtjse 
pue ‘68-ss6T ‘peAeains sefTyTpoumod uo sejeqs peqtun ey uF ehesn sojnqzeq pue eqeroyd [Tenuue ebhersae jo Arewwns ‘TT etqey 








AO 4 SQuE-™)Q 
4a 1\0 » © 
jeeq oo 


v 


yi & H 
{ ‘ 
c o/ [ Pa 4 9 
* oes ° ai 
< ee = 
} , 
* Gt 
pATs ® ¥ : 2 
=} - 
wwe 
ta 
A j 
' 
oe — a a ———— — 
' a 45 i 
ved? i 40 
da <” » ‘ ’ >» #1047." 


“re aye 








Gr 
eat :.¢ 
*< 1.0 
a4 seed epee 
pot *O. 46 eco vepwe 
Py as ».& ——_e ~ 
cf tesoT 
eolinine?t 
a A 0.¢0 a&¢es 
ce s4 omtpape 
a5 . ot ~ sae oe 
oe al fatet 
r SyeT fc eSened6 O49S44 1ecsuce” 
“ j sl erlseesstio *s secur 
io PeBarc 44° 64 saeehtsereg 6 SOR 
8 4 eqand Fe'moul sphere balesetgan & 
soe y ov) 9 Bt effec: se @5ayi8pt 


Introduction 


James S. Bowman 


This pesticide use assessment report contains detailed information and general conclusions 
regarding the use of phorate and terbufos insecticides in United States agriculture. It provides 
an overview of the uses of both insecticides, and describes the economic and social benefits of 
those uses to United States agriculture. This assessment was prepared by a team of scientists 
drawn from the agricultural scientific community as a contribution to the review process 
mandated by the Federal Insecticide, Fungicide, and Rodenticide Act as revised in October 
1988. 


Phorate and terbufos are used to control a number of important crop pests. When 
assessing the impacts of the cancellation of their registrations, it should be remembered that 
two alternatives to phorate and terbufos, aldicarb and carbofuran, are currently undergoing 
Special Review by the Environmental Protection Agency (EPA). Phorate and terbufos are 
manufactured by the American Cyanamid Company of Wayne, New Jersey. Phorate and 
terbufos are marketed under the trade names Thimet® and Counter®, respectively, by the 
American Cyanamid Company. 


Assessment Methodology 


In January 1990, the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 
requested all states and territories in the United States to submit information on the uses of 
phorate and terbufos by their agricultural industries. In May 1990, NAPIAP began forming a 
team to conduct an assessment of the benefits of phorate and terbufos use in United States 
agriculture. The members of the assessment team were chosen to provide a diversity of 
experience with the crops, insect management practices, and geographic production regions in 
which phorate and terbufos are used. The assessment team met in June 1990 to develop a 
detailed survey form (Appendix |!) to send to all of the U.S. states and territories that reported 
significant usage of phorate or terbufos in the January 1990 survey. The survey that they 
developed requested the following information: 1) the 5-year average (1985-1989) acreage of 
each crop that is treated with granular formulations of phorate or terbufos, 2) the number of 
acres treated with phorate, terbufos, or alternative insecticides registered for the same usage, 
3) the estimated change in usage if the registrations of phorate and/or terbufos were canceled, 
and 4) the estimated change in yield if the registrations of phorate and/or terbufos were 
canceled. 


Limitations of the Assessment 


Expert opinion was utilized in this pesticide use assessment when empirical insecticide use 
and pest loss data were not available. There is always some uncertainty attached to subjective 
estimates. However, the professional experience of members of the assessment team ensure 
that their benefits and use estimates closely reflect actual use of phorate and terbufos in United 
States agriculture. 
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Characteristics and Usage Patterns of Phorate 


Phorate is a highly toxic organophosphorus systemic insecticide that was first registered by 
the American Cyanamid Company in 1956 as a seed treatment for the control of early season 
thrips on cotton. It is currently marketed as a soil.and systemic insecticide for the control of 
various insect pests on beans, field corn, sweet corn, cotton, peanut, potato, sorghum, 
soybean, sugarbeet, and wheat. 


Pests controlled by phorate include: mites, aphids, greenbugs, thrips, leafhoppers, leaf 
miners, corn rootworm, psyllids, cutworms, Hessian fly, wireworms, flea beetles, whiteflies, 
lygus bugs, seedcorn maggots, white grubs, seedcorn beetles, chinch bugs, European corn 
borer, Colorado potato beetle, root maggots, Mexican bean beetle, and grasshoppers. 
Approximately 5.3 million lb ai of phorate is used each year in the United States. The following 
information was derived from the Material Safety Data Sheets for phorate (American Cyanamid 


Co., 1987 and 1989). 


Physical and Chemical Properties 


Product Identification 


Trade names: 


Synonyms: 
Chemical family: 


Hazardous ingredients 


Thimet 15G Soil and Systemic Insecticide; Thimet 20G Soil and Systemic 
Insecticide. 

Phorate; O,O-diethyl S-[(ethylthio)methyl] phosphorodithioate. 
Organophosphate 

Molecular formula: C,H,,O,PS, 

Molecular wt: 260.37 





Component CAS no. % TWAVceiling (mg/m?) 
phorate 000298-02-2 15 & 20 0.05 (skin) 
0.2 (STEL) 





Granular formulations 


Appearance and odor: 
Boiling point: 

Melting point: 

Vapor pressure: 

Bulk density: 


% Volatility (by vol.): 
OctanoV/H,O partition coef.: 
pH: 


Saturation in air (by vol.): 
Evaporation Rate: 
Solubility in water: 


Fire and explosion properties 


Flash point: 
Flammable limits: 
Autoignition temp.: 
Decomposition temp. : 


Brown to gray granules; mercaptan odor. 
Not applicable. 

Not applicable. 

Not applicable. 

Thimet 15G - 43-52 Ibs/ft’; 

Thimet 20G - 50-56 Ibs/ft’. 

Not applicable. 

Not applicable. 

Thimet 15G - Not applicable; 

Thimet 20G - 4-7, depending on carrier source. 
Not applicable. 

Not applicable. 

Negligible. 


Not applicable. 
Not applicable. 
Not applicable. 
Decomposes on prolonged heating at 120°C or higher. 
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Toxicological characteristics 
Thimet 15G: 


Thimet 20G: 


Inhalation toxicity: 


The active ingredient in this product is an organophosphorus compound. The acute 
oral LD,, for male albino rats is 27 mg/kg and for female rats it is 31 mg/kg. The 
acute dermal LD,, for male albino rabbits is 207 mg/kg and for female rabbits it is 
247 mg/kg. This product is considered to be highly toxic by ingestion in a single 
dose and moderately toxic in single skin applications. This product is mildly irritating 
to rabbit skin and eyes. 


The active ingredient in this product is an organophosphorus compound. The acute 
LD,, for male rats is 15.5 mg/kg and for female rats it is 5.1 mg/kg, which indicates 
that this product is highly toxic by ingestion in single doses. The acute dermal LD., 
of this formulation ranges from 32.5 to 75 mg/kg in male rabbits, an indication that 
this product is highly toxic by single skin applications. This formulation is irritating to 
rabbit eyes and it is highly toxic by this means of exposure. Phorate is absorbed 
through ocular exposure and can produce systemic effects. 


Airborne phorate in either formulation can be absorbed through the lungs to produce 
cholinesterase inhibition. 


Employee protection recommendations 


e 


Spill and leak procedures 


Mode of Action 


Wear freshly-laundered, long-sleeved work clothing. 

Wear rubber boots or rubber shoe coverings, rubber gloves, and goggles while 
transferring from package to equipment. 

Rubber gloves should be washed with soap and water after each use. Do not wear 
the same gloves for other work. Replace gloves frequently. 

Administer a cholinesterase blood test program at workplace. In case of contact, 
immediately remove contaminated clothing and wash skin thoroughly with soap and 
water. 

Launder clothing before reuse. Wash thoroughly with soap and water before eating 
or smoking. Shower at the end of the work day and change clothing. 

Wear a face mask or other respiratory equipment while emptying bags into hopper. 
Pour downwind and allow as little free fall as possible while emptying bags into 
equipment. DO NOT BREATHE THE DUST. 


Place spilled material in a covered drum or other container while wearing proper 
protective equipment (listed above in Exposure Control Section). Liquid chlorine 
bleach may be used to decontaminate the spill area. Dispose of waste in accord 
with local, state and federal regulations. 


Except where noted otherwise, the following information was derived from Extoxnet (Michigan State University, 
1989a). Phorate is a highly toxic organophosphorus insecticide and acaricide. It is a cholinesterase inhibitor that is 
slowly degraded by microorganisms and interaction with water. It controls pests by systemic, contact, and fumigation 


action. 


Toxicological Characteristics of Technical Phorate 


Acute oral toxicity: 


Acute dermal toxicity: 


Acute inhalation: 


Male rat LD., is 1.6 to 3.2mg/kg (American Cyanamid Company, 1990); Mouse LD. 
is 3.5 to 6.59 mg/kg; Guinea pig LD,, is 20 mg/kg. Phorate is highly toxic by 
ingestion in single doses. 


Rat LD., is 5.7 mg/kg; rabbit LD,, is 5.2 mg/kg; Guinea pig LD,,, 20-30mg/kg during 
a 24-hour exposure. Phorate is highly toxic by dermal exposure. 


During a 1-hour exposure, rats had an inhalation LC., of 11 mg/m’. Phorate is 
moderately toxic by inhalation. 
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Chronic Toxicity 


Reproductive effects: 


Teratogenicity: 


Mutagenicity: 


Carcinogenicity: 


Organ toxicity: 


Fate in Humans and Animals: 


Ecological Effects 


Nontarget Toxicity: 


Bioaccumulation: 


Environmental Fate 


Degradation: 
Crop residues: 


Soil residues: 


Long-term studies of mice fed high doses of 98.7% phorate showed no effects on 
fertility, gestation, and viability. This suggests that phorate is unlikely to cause 
reproductive effects in humans. 


No adverse effects were found in a teratology study in the rat. Although this 
suggests that phorate does not cause birth defects, more information is needed to 
confirm this conclusion. 


Available mutigenicity studies involving microbial and mammalian cells have shown 
no adverse effects on genes or chromosomes. Thus, it appears that phorate does 
not cause mutations. 


Valid studies on the carcinogenicity of phorate are not available. 


Phorate, like other organophosphates, interferes with the working of the nervous 
system by inhibiting a vital chemical, cholinesterase. In one study, dogs were fed 
moderate to high doses of phorate six days each week for 13-15 weeks. The dogs 
experienced lower cholinesterase activity, but did not show any tissue damage. 
Other studies indicated that direct eye exposure may cause blurring, tearing, and 
ocular pain. 


The major breakdown products of phorate in mammals are more toxic and have 
greater anticholinesterase activity than phorate. The most toxic metabolite of 
phorate has an oral LD,, of 0.5 to 0.8 mg/kg. Phorate is readily absorbed by the 
skin and the gastrointestinal tract. In rats, less than 40% of a high oral dose of 
phorate was excreted in six days. The liver, kidney, lung, brain, and glandular tissue 
held the remaining residues. 


Phorate is highly toxic to, and extremely fast acting on, bird species, freshwater fish, 
and aquatic invertebrates. Symptoms occurring in mallards at very low doses 
include tremors and wing-beat convulsions. Fish which have been studied include 
the bluegill and rainbow trout. 


Phorate has low water solubility, is fat soluble, is slowly degraded and slowly 
eliminated in the body and thus it has a moderate to high potential to accumulate 
within organisms. 


Phorate is degraded by microorganisms and interaction with water. 


Phorate, itself, is not persistent in plants. However, the breakdown products of 
phorate persist in plants and soil. In a field study of corn treated with a 10% 
granular formulation of phorate at 1 Ib ai/A, phorate residues were very low after 14 
days, yet degradation products persisted for 28 days. After 83 days, no detectable 
phorate or breakdown product residues were detected in kernels, cobs, or husks. 


Soil treatment with insecticides often leaves more residue in plants than does foliar 
treatment because the compound persists in the soil and is taken-up by the root 
systems of plants. Phorate binds to soil organic matter and clay particles and is 
almost immobile in soils. For this reason it does not leach easily; movement of 
phorate is primarily through run-off with sediment and water. Phorate is moderately 
persistent in the soil. It has a half-life of 82 days under aerobic laboratory 
conditions, and 7.5 days under field conditions. It is least persistent in clay soil, 
while it is slowly released from peat/sand and sandy soils. Phorate disappears 
within one year from sand/muck soils. 
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Characteristics and Usage Patterns of Terbufos 


Terbufos is a highly toxic organophosphorus systemic insecticide and nematicide that was 
first registered by the American Cyanamid Company in 1974 as a 15G for the control of corn 
rootworms on field corn. It is currently marketed for the control of various insect and nematode 
pests on field corn, popcorn, sweet corn, sugar beets, and sorghum. 


Pests controlled by terbufos include: corn rootworms, wireworms, billbugs, seedcorn 
maggots, seedcorn beetles, white grubs, flea beetles, thrips, aphids, greenbug, root maggot, 
symphylans, and nematodes. Approximately 10.8 million lb ai of terbufos is used each year in 
the United States. The following information was derived from the Material Safety Data Sheets 
for terbufos (American Cyanamid Company, 1986 and 1989a). 


Physical and Chemical Properties 


Product Identification 


Trade names: Counter 15G Systemic Insecticide Nematicide; Counter 20CR Systemic Insecticide 
Nematicide. 

Synonyms: Terbufos; (S-{[91,1-dimethylethy!)thio]methy!] O,O-diethylphosphorodithioate. 
Chemical family: organophosphate 

Molecular formula: C,H,,0,PS, 

Molecular wt: 288.43 


Hazardous ingredients 


Component CAS no. % TWAVceiling (mg/m?) 
terbufos 01307 1-79-9 15:5 0.05 (skin) 
0.2 (STEL) 
20.7 0.05 (skin) 





Granular Formulations 


Appearance and odor: Counter 15G: Buff-color free flowing granules; mercaptan-like odor. 

Counter 20CR: Small brown pellets; mercaptan-like odor. 

Boiling point: Not applicable. 

Melting point: | Counter 15G: Not applicable. 
Counter 20CR: Not available. 

Vapor pressure: Counter 15G: Not applicable. 

Counter 20CR: 1.8 X 10* mmHg at 20°C. 

Bulk density: | Counter 15G: 43-52 Ibs/ft®. 
Counter 20CR: Not available. 


Vapor density: 
Volatility (by vol.): 


Not applicable. 
Counter 15G: Negligible. 
Counter 20CR: Not available. 


Octanol/H,O partition coef.: Not applicable. 
pH: Not applicable. 
Saturation in air (by vol.): | Not applicable. 


Evaporation rate: 


Solubility in water: 


Counter 15G: Negligible. 


Counter 20CR: Not applicable. 


Counter 15G: Negligible. 
Counter 20CR: 10-15 ppm ai. 
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Fire and explosion properties 
Flash point: 
Flammable limits: 


Autoignition temp.: 
Decomposition temp.: 


Toxicological characteristics 
Counter 15G: 


Counter 20CR: 


Not available. 
Not available. 
Not available. 
Not available. 


The acute oral LD., of this product in the male albino rat is 11.7 mg/kg, which 
indicates the material is highly toxic by ingestion in single doses. Toxicity is primarily 
related to inhibition of cholinesterase activity. The acute dermal LD., of this product in 
the male albino rabbit is 10.2 mg/kg which indicates the material is highly toxic by 
single skin applications. Repeated exposure may effect inhibition of cholinesterase 
activity. This product is hazardous if exposed to the eyes and may be absorbed 
through the conjunctiva to produce cholinesterase-inhibition. Airborne Counter can be 
absorbed through the lungs to produce cholinesterase-inhibition. 


The acute oral LD,, for the combined sexes in rats was calculated to be 29 mg/kg 
indicating that the materials are highly toxic by the oral route of administration. The 
acute dermal LD., in male rabbits was shown to be 182 mg/kg indicating that the 
material is highly toxic by single skin application. This product is mildly irritating to 
rabbit eyes and non-irritating to rabbit skin. 


Employee protection recommendations 


Counter 15G: 


Counter 20CR: 


Spill and leak procedures: 


Mode of Action 


Wear freshly-laundered, long-sleeved work clothing daily. Wear a clean cap, rubber or 
cotton gloves, and goggles while transferring from package to equipment. If cotton 
gloves are used, they must be laundered or discarded after each day’s use. Do not 
wear the same gloves for other work. Destroy and replace gloves frequently. In case 
of contact, immediately remove contaminated clothing and wash skin thoroughly with 
soap and water. Launder clothing and decontaminate shoes before reuse. Wash 
thoroughly with soap and water before eating or smoking. Bathe at the end of the 
work day, and change clothing. Pour downwind and allow as little free fall as possible 
while emptying bags into equipment. Do not pour at face level and DO NOT 
BREATHE THE DUST. 


Wear a face mask or other respiratory equipment while emptying bags into hopper. 
Pour downwind and allow as little free fall as possible while emptying bags into 
equipment. DO NOT BREATHE THE DUST. 


Place spilled material in a covered drum or other container while wearing protective 
equipment (listed above in Exposure control section). Liquid chlorine bleach may be 
used to decontaminate the spill area. Dispose of waste in accord with local, state and 
federal regulations. 


Except where noted otherwise, the following information was derived from Extoxnet (Michigan State University, 
1989b). Terbufos is a highly toxic organophosphorus systemic insecticide and nematicide. It is a cholinesterase 
inhibitor, a chemical critical to normal functioning of the nervous system. It controls pests by systemic, contact and 


fumigation action. 


Toxicological Characteristics of Technical Terbufos 


Acute oral toxicity: 


Male rat LD, is 9.2 mg/kg and female rat is 9.0 mg/kg; male mice is 3.5 mg/kg and 
female mice is 9.2 mg/kg; male dog is 4.5 mg/kg and female dog is 6.3 mg/kg 
(American Cyanamid Company, 1990). Rabbits given a single dose of 0.1 mg to the 
eyes died within 2 to 24 hours after dosing. 
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Acute dermal toxicity: 


Acute inhalation: 


Chronic toxicity 


Reproductive effects: 


Teratogenicity: 


Mutagenicity: 


Carcinogenicity: 


Organ toxicity: 


Fate in humans and animals: 


Ecological Effects 


Nontarget Toxicity: 


Bioaccumulation: 


Environmental Fate 


Crop residues: 


Rabbit LD,, is 1.1 mg/kg for 24 hours, and 1.0 mg/kg in male rats. 


No information found. 


In a long-term study in rats, no effects were observed after daily exposure to low 
doses of terbufos. In a six-month study, no reproductive effects were observed in rats 
given higher doses. Thus, terbufos appears unlikely to cause reproductive effects in 
humans. 


Except in extreme situations, terbufos does not cause birth defects in animals, and this 
is also expected to be the case in humans. In one study, high doses of terbufos were 
administered to pregnant rats via a stomach tube during the sensitive period of 
gestation. No changes in fetal appearance or behavior were observed even though 
some of the mothers showed toxic effects, such as lower body weights. In a similar 
study on rabbits, no significant differences in fetal development were observed except 
in the offspring of rabbits given the highest dose. These females showed toxicity to 
the dose level, and their offspring tended to have an extra main artery. 


Studies have shown that high doses of terbufos may injure cells, but it does not cause 
permanent changes in chromosomes. Terbufos caused cell damage, but no 
chromosomal abnormalities, in hamster ovary cells tested for mutagenicity. Terbufos, 
thus, is unlikely to cause mutations. 


No carcinogenic status for terbufos has been established because too few animals 
have been tested. However, no tumors were found in studies of mice fed for 18 
months and rats treated for 24 months at high dosages. 


Because terbufos inhibits cholinesterase, this pesticide can affect the eyes, lungs, 
skin, and central nervous system. These effects are dependent on concentration and 
the route of exposure. In a 28-day feeding study of dogs given terbufos for 6-7 days 
per week, cholinesterase activity was inhibited 79% in the fluid part of the blood but 
not in the red blood cells. In a 90-day feeding study using rats, no effects on 
cholinesterase activity were seen at high doses. In mice given terbufos daily at high 
levels for 18 months, no changes in liver, kidney, heart, or lung were noted. 


In rats given a single oral dose of terbufos, 10% remained in the liver six hr after 
dosing. Breakdown products were found in the rat kidney 12 hr after dosing. Of the 
original dose administered, 83% was excreted in the urine within seven days and 3.5% 
was found in the feces. The excreted materials contained metabolites of terbufos, not 
the parent compound. Thus, terbufos is readily degraded in the body. 


Terbufos is extremely toxic to fish (including bluegill sunfish, and trout), birds, and 
other wildlife. 


Terbufos has low water solubility, is stored in fat tissues, tends to be slowly degraded 
and eliminated by the body and has the potential to accumulate. 


Terbufos translocates from the soil into plants where it is broken down rapidly. Little of 
the parent terbufos compound is found in plants. Fifty-seven days after seeding and 
application, the total residues in broccoli were very low, while the marketable heads of 
broccoli harvested 90 days after seeding held only traces (less than 0.01 pm, fresh 
weight) of residues. Under the same conditions, marketable cabbage and cauliflower 
had trace to nondetectable levels of total residues. Field corn banded with 1.12 kg/ha 
had no detectable residues 60 days after treatment. Sweet corn and popcorn grain 
harvested at maturity also showed no residue even though the surrounding soil 
contained 10-14 ppm. 
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Soil residues: 


Groundwater contamination: 


Terbufos is moderately persistent in the soil. Terbufos is rapidly converted to its 
metabolites which tend to persist in the soil and may be detected at harvest-time. 
Terbufos and its metabolites quickly degrade during the first 15-30 days after 
application, then gradually stabilize. Only 3% of the original application stayed in field- 
study soils after one month, with 1.5% of the chemical present after 60 days. Ina 
Study on silty clay loam soil in South Dakota, the half-life of terbufos was about two 
weeks. The half-life for the metabolite, terboxon sulfone, was two to three times 
longer. When applied to a silt loam soil, the half-life for terbufos was calculated at 15 
days, while the total residue half-life was 22 days. After 106 days, the total residues 
were less than 1.0 ppm. Terbufos dissipation is generally faster in soils with less than 
two percent organic carbon, while binding increases with increasing organic carbon 
content. Sandy soils lose more of this chemical than more clay-like soils over the 
same time period. Overall, terbufos is immobile in the soil. Much of the chemical can 
be recovered near the site of application. In one study, over 90% of applied terbufos 
was recovered in the top four inches of the soil profile despite heavy rainfall and 
thorough incorporation down to two-and-one-half inches. Soil moisture does not 
appear to affect the degradation of terbufos. This chemical will degrade at about the 
same rate regardless of moisture content. Terbufos degrades more quickly as 
temperature increases. 


Because it has a low water solubility, terbufos is not often found in groundwater. 


Terbufos has been found in 9 of 283 groundwater samples collected from 261 
locations in five states. The maximum concentration found was 3 yg/. 
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Phorate Use on Beans 


Richard E. Johnson 


Bean (Phaseolus spp.) production in the United States can be divided into dry edible and 
snap beans. Based on production data for the past five years, the dominant classes of dry 
edible beans are (in decreasing order of harvested acreage): pinto, navy, great northern, red 
kidney, pink, blackeye, baby lima, large lima, small red and small white (USDA, 1990b). The 
major United States dry edible bean producers are Michigan, Nebraska, Idaho, California, 
Colorado, and North Dakota. The major producers of snap beans are Wisconsin, Oregon, 
Illinois, New York, and Michigan. Production of dry edible beans ranged from 8.8 million cwt for 
pinto beans to 0.4 million cwt for small white beans. The United States production of all 
classes of dry edible beans averaged 1,483 cwt/acre from 1984-89 (USDA, 1990b). The 
average annual value was nearly $449 million. The average annual value of snap beans was 
in excess of $107 million. The average market price for dry edible beans may fluctuate as 
much as 50% among production regions and from year to year. The price of snap beans is 
also quite variable, but is more stable than the price for dry edible beans. 


Registration Summary 


Phorate is registered for at-planting applications on beans for control of Mexican bean beetle 
(Epilachna varivestis Mulsant), leafhoppers (primarily Empoasca fabae [Harris]), aphids 
(Aphididae), lygus bug (Lygus lineolaris [Palisot de Beauvois]), thrips (Thripidae), spider mites 
(Eriophyidae), and seedcorn maggot (Delia platura [Meigen]). Phorate is incorporated into the 
soil at planting in the seed furrow, as a band, or it is sidedressed. 


Pest Infestation and Damage 


The insect pests of dry edible beans and snap beans are similar, but their importance varies 
among United States production regions. The major insect pests of beans are: the seedcorn 
maggot, the Mexican been beetle, lygus bugs (especially the tarnished plant bug (Lygus 
lineolaris [Palisot de Beauvois]), thrips (especially onion thrips Thrips tabaci Lindeman), 
leafhoppers (especially the potato leafhopper Empoasca fabae [Harris]), and the beet 
leafhopper (Circulifer tenellus [Baker]), aphids (pea aphid Acyrthosiphon pisum [Harris] and 
green peach aphid Macrosiphus euporbiae [Thomas]), several species of flea beetles and 
wireworms, and white grubs (especially Phyllophaga spp.). There are several other insects that 
are major pests of beans in certain states: grasshoppers in Montana; western bean cutworm 
(Loxagrotis albicosta [Smith]) in Colorado, Nebraska and Wyoming; cutworms (species 
unspecified) in Utah and Nebraska; the cowpea aphid (Aphis craccivora Koch) in California; 
spider mites (especially the twospotted spider mite Tetranychus urticae Koch) in Colorado, 
Idaho Michigan, and Washington; and root-knot nematodes (Pratylenchus ssp.) in Michigan. 
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Pest Management 


Current Chemical Usage 


The results of the 1990 National Agricultural Pesticide Impact Assessment Program 
(NAPIAP) Phorate Survey indicate that approximately 3% of bean acreage in the United States 
is treated with phorate (Table 2). Phorate and its two alternatives, disulfoton and aldicarb, are 
used on beans as pre-emergence granular insecticides. Phorate is not used on beans in 
Maine, Maryland, Michigan, Minnesota, Montana, New Hampshire, Nebraska, New York, North 
Dakota, Utah, Washington and Wyoming. 


Idaho uses both phorate and aldicarb for bean seed production. In Idaho, these two 
insecticides provide excellent systemic control of thrips and mites and good suppression of beet 
leafhopper. Aldicarb would be used to treat approximately 90% of the treated acreage in Idaho 
if the registration of phorate were canceled. Phorate would be replaced by aldicarb in Colorado 
and by disulfoton in Delaware, New York and Ohio. In Wisconsin, usage of disulfoton and 
dimethoate would increase if the registration of phorate were canceled. 


The efficacy of chemical alternatives is dependent on the types and populations densities of 
insects that are present in a production region. In California, where the usage of at-planting 
systemic insecticides is small (less than 0.4% of total usage), propargite or dicofol are used to 
control spider mites, and dimethoate or methomyl are used to control lygus bugs, aphids and 
leafhoppers. California uses aldicarb on 15% of its bean acreage for control of cowpea aphid, 
but relies much more heavily on the use of dimethoate foliar sprays. 


Chemical Alternatives for Pest Management 


There are several insecticide alternatives to phorate that can be used for post-emergence 
control of bean pests. Acephate, dimethoate and methomyl can be used to control a large 
number of bean pests (Crop Protection Chemicals Reference, 1989); however, only one 
(dimethoate) is labeled for control of spider mites. Propargite and dicofol can also be used for 
spider mite control. Michigan controls seed corn maggots by treating seed with chlorpyrifos 
and diazinon. North Dakota uses chlorpyrifos and lindane seed treatment for control of both 
seed corn maggots and wireworms. 


Non-Chemical Pest Management Alternatives 


Crop rotation is not an effective management alternative since most bean pests migrate from 
adjoining fields. Great northern and pinto bean varieties with resistance to curly top virus have 
been released in Idaho (Pfadt, 1985, page 395). Planting dates can be altered to avoid peak 
populations of beet leafhopper. The use of predatory mites for control of spider mites has been 
used with variable success (Pfadt, 1985, page 417). 


Integrated Pest Management 
Only two states, California and Idaho, reported the use of Integrated Pest Management 
(IPM) strategies in the 1990 NAPIAP Phorate Survey. In California, bean producers use 


treatment thresholds to avoid insecticide use until pest damage approaches economic levels. 
The state of Idaho has initiated an IPM program which includes the release of predatory mites. 
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The use of IPM strategies in drybean production has been published in Colorado (Schwartz and 
Brick, 1990). 


Potential for Pest Resistance 


Spider mite populations are developing strong resistance to propargite in Idaho, so this 
chemical may be effective for only a few more years. If the registration of phorate were 
canceled, producers in Idaho would not have an effective alternative to propargite for control of 
spider mites. In Idaho, bean yields may be reduced by 50% and quality may be reduced by 
30% if phorate is no longer available due an increase in spider mite resistance. 


Summary 


Phorate is applied to only 3% of United States bean acreage. However, phorate accounts 
for approximately 60% of granular insecticide usage in states where it is applied. In Idaho and 
several other states phorate is used because it is less expensive than aldicarb. The availability 
of both phorate and aldicarb is considered to be essential for an economically viable bean 
industry in Idaho. The development of spider mite resistance to pesticides in Idaho makes it 
imperative that several chemicals be available for control of these bean pests. California uses 
very little phorate or the alternatives aldicarb and disulfoton, but relies more on post-emergence 
foliar air or ground spray with dimethoate, acephate, methomyl, dicofol or propargite. 


15 





















7 


AQ rated ® Seigelev2 Mal 10.98 


eorcesleshl gpe4 10} F 


“| 
nee) ‘i g apoltehzrng ofc WIRE 
; 3101 evitoote ad yam i 
ow : j ion Chute oftebl vi & cond oat 
maleve1ed otahina 2m: ne 
, , sel on Semon ae 
=? 


And => aisi0 R 
» ® 2°08 Tene 

3 Dese | gente verte eveve 
“aol nye SHEVOrte) tod 

b edT .otebl oi yoaue 

. ves tart! aver es 
19 § sory aim vor 
Oriuscng © we wate 


” 


- t ic 


Table 2. Phorate and alternative chemical usage in United States bean production, 








1984-88? 
State Total” 
and Area Area Treatment chemical SOT 
chemical planted treated rate used usage 
(acres) (%) (lbs ai/A) (lbs ai/yr) 

California 168,000 0.4 891 100 
phorate OFL dls cpl 185 Pad 
aldicarb 0). 2 eS: 504 56 
disulfoton ORs ila 202 23 

Colorado 182,000 OES PrO92 100 
phorate 0.5 tha 1,092 100 

Delaware 16,000 40 6,800 100 
phorate 35 14-18) 5,600 82 
disulfoton 5 Lo 1,200 18 

Idaho (seed) 26,000 he) 22,230 100 
phorate 40 ih 62 12,480 56 
aldicarb 30 1 7,800 35 
disulfoton 5 ales) 1,950 9 

Idaho/Oregon 140, 333 25 35,084 100 
phorate a lA deelsy di al RY 50 
aldicarb U2iaS a I S42 50 

Michigan (snap) 20,000 30 thy Oo) 100 
phorate a Bl 3,000 40 
disulfoton cS 135 4,500 60 

New York S82 Loo 20 7,704 100 
phorate 10 oe 3,852 50 
disulfoton : 10 Pe 3,892 50 

Ohio (dry) 3,000 a5, 675 100 
phorate 5 ios) 225 33 
aldicarb 5 Ble) PA) 33 
disulfoton 5 dk 225 33 

Ohio (snap) 1,500 90 2,024 100 
phorate 45 eS) AL, 0). 50 
disulfoton 45 TES aly (ole. 50 

Wisconsin (dry) 10,000 Z5 3,750 100 
phorate 25 sles) Bhs TSO) 100 

Wisconsin (snap) 87,000 23 207,010 100 
phorate 20 iL 17,400 87 
disulfoton 3 ait 2,610 is} 

All User States 685, 933 1S 107,760 100 
phorate 63,067 9 66,138 61 
aldicarb 28,852 4 26,071 24 
disulfoton 137425 Zz POOL is} 

Uese Total Tou OOO 6 
phorate 3 
aldicarb 2 
disulfoton i 


ee 


*Source: NAPIAP Phorate Survey, 1990. 
“Applied once per season. 
“Source: USDA, 1988 and 1989. 
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Phorate and Terbufos Use on Corn 


Harold J. Stockdale, John F. Witkowski, Michael E. Gray, Susan E. Rice Mahr, 
Harold R. Willson and Benjamin H. Kantack 


Granular soil insecticides are applied to corn (Zea mays L.) at planting and during 
Cultivation. These chemicals provide protection against most soil-based arthropod and 
nematode pests of corn that affect stand establishment, plant vigor, and yield. The relative 
importance of each pest varies with geography, crop rotation pattern, tillage method, and end 
use of the commodity (i.e. grain, silage, seed, or sweet corn). Nationally, the corn rootworm 
larval complex (Diabrotica spp.) is the most serious pest (Krysan and Miller, 1986). 


Registration Summary 


Both phorate and terbufos are registered for use on corn to control western and northern 
corn rootworms (Diabrotica virgifera virgifera LeConte, and Diabrotica barberi Smith and 
Lawrence), wireworms (Elateridae), white grubs (Phyllophaga spp.), seedcorn maggot (Hylemya 
platura [Meigen]), seedcorn beetles (Stenolphus lecontei [Chaudoir] and Clivina impressifrons 
LeConte), and corn flea beetle (Chaetocnema pulicaria Melsheimer). In addition to these insect 
pests, terbufos is registered for control of symphylans, thrips (Thripidae), maize billbug 
(Sphenophorus maidis Chittenden), southern corn billbug (Sphenophorus callosus [Oliver]) and 
nematodes, and for suppression of cutworms (Noctuidae) and lesser cornstalk borer 
(Elasmotalpus lignosellus [Zeller]). Phorate is also registered for control of spider mite 
(Tetranychus urticae Koch), aphids (Aphididae) and first-generation European corn borer 
(Ostrinia nubilalis [Hibner]). In three states (Colorado, Kansas, and Nebraska) phorate is also 
registered for control of chinch bug (Blissus leucopterus leucopterus [Say]) nymphs. The 1991 
phorate labels no longer permit broadcast applications (air or ground) for the control of 
European corn borer, corn leaf aphids and mites. 


Registered chemical alternatives to phorate and terbufos are carbofuran, chlorpyrifos, and 
fonofos. Ethoprop and trimethacarb are registered for corn rootworm control, but their use has 
been very limited. Tefluthrin, a synthetic pyrethroid, was registered in 1989 and is expected to 
compete successfully in the corn-soil insecticide market. 


Pest Infestation and Damage 


Primary Pests: The severity of com root damage caused by western and northern corn 
rootworm infestations is dependent on weather, hybrid variety, and larval population density 
(Chiang, 1973). There are varietal differences in the ability of corn hybrids to compensate for 
root damage caused by rootworm larvae (Branson et al., 1983; Steffy et a/., 1989). These 
varietal differences may be related to the availability of soil moisture (Steffey and Kinney, 
1988). Where corn is grown continuously, the most commonly used rootworm pest 
management practice is the use of granular rootworm insecticides applied at planting. 


Secondary Pests: Cropping sequence is a major factor in the establishment of many 
secondary pests of corn (Foster and Tollefsun, 1986). Other factors affecting establishment are 
weather, weed density and type, soil type, planting date, hybrid variety, tillage practices, and 
the presence of natural enemies. As tillage of corn is reduced, there is a greater incidence of 
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insect pests causing stand reductions (Gregory and Musick, 1976). When corn follows sod in 
the rotation, there is a greater problem with wireworms, white grubs, maize billbug, and 
southern corn billbug. Cutworms, white grubs, and wireworms are a more frequent problem 
when corn is planted after clover and alfalfa. When corn follows small grains, there is greater 
potential for damage by wireworm, seedcorn beetles, seedcorn maggot, and northern corn 
rootworm. Corn grown on sandy soils in the southeast (Alabama, Florida, Georgia, North 
Carolina, South Carolina) may require chemical protection against nematodes. Although the 
total acreage requiring protection from nematodes is small, yield losses can be severe (Dickson 
and Hewlett, 1987). 


Pest Management 
Current Chemical Usage 
The results of the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 


pesticide use assessment survey represent current chemical usage on 68.5 million acres of 
corn, nearly the entire U.S. corn acreage. The results of this survey are summarized in Table 
3. 


Table 3. Phorate, terbufos, and alternative chemical usage on corn in 
the United States, 1985-89? 


Area Area Area 
Chemical planted treated treated 
(thousand acres) (thousand acres) (3) 
phorate Far SOT 3 
terbufos LO; LOZ 15 
carbofuran SPOS a 4 
chlorpyrifos 6,635 10 
fonofos 3, 305 5 
tefluthrin 490 ak 
Total 68,646 26,104 38 


*Source: NAPIAP Phorate and Terbufos Surveys, 1990. 


Assuming that the registrations of the current chemical alternatives to phorate are 
maintained, the cancellation of phorate for use on corn would not result in a reduction of yield 
in 74% of those that responded to the survey. The states where corn yield would be reduced 
by the loss of phorate were (% yield reduction in parentheses): Minnesota (0.3%), New Mexico 
(1%), North Dakota (1%), Michigan (1%), Nebraska (5%), and Arizona (10%). 


Indiana and South Dakota indicated no reduction in yield if terbufos use was canceled and a 
1-3% reduction in yield was estimated by the cornbelt states of lowa, Illinois, Minnesota, Ohio, 
Wisconsin, Michigan and Missouri. The use of irrigation and continuous production of corn in 
southwest Kansas and western Nebraska would result in 5% and 15% yield reductions in those 
states, respectively. Rootworm populations tend to be higher when corn is grown continuously 
under irrigation (Brooks, 1967), making the availability of terbufos more important under these 
conditions. If the registrations of phorate and/or terbufos are canceled, it is estimated that the 
chlorpyrifos market share will increase from 9.75 to 17.1%, fonofos would increase from 4.85 to 
8.2%, carbofuran from 4.5% to 6.85, and tefluthrin from 0.7% to 5.4%. 
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The application rate for soil-applied granular insecticides range from 0.75 to 1.00 Ib ai/acre 
based on 40-inch row spacing. The 1.0 lb ai/acre rate is most commonly used, and is the rate 
listed on the terbufos and phorate labels. The use of lower application rates of soil insecticides 
has been studied in efficacy trials conducted over the past 15 years (Boetel et a/., 1990; 
Chaddha and Ostlie, 1990; Gray, 1990; Hein, 1990). In many trials, root protection from corn 
rootworm infestation at the 0.75 Ib ai/acre rate is nearly as good as the protection provided by 
the 1.0 lb av/acre rate. The use of lower application rates may gain wider acceptance as 
environmental and economic concerns escalate within and outside the farming community. 


Systemic insecticides, primarily terbufos and carbofuran, are used routinely in sweet com 
production in the east and northeastern U.S. to control flea beetles. Control of the corn flea 


beetle is important because they transmit Bacterium stewarti, the causal organism of Stewart's 
wilt (Chester, 1950). 


Terbufos is registered for use on corn to control nematodes, but usage for this purpose is 
small. The chemical alternatives to terbufos for nematode control are carbofuran and ethoprop. 
The impact of terbufos cancellation would not significantly impact the control of nematodes on 
corn if the alternative products remained available. However, significant yield losses from 
nematode damage could result on very sandy soils in the southeastern U.S. should use of the 
chemical alternatives to terbufos also be canceled (Dickson and Hewlett, 1987). 


Chemical Alternatives for Pest Management 


Insecticides registered for treatment of corn seed are available for suppression of 
wireworms, seedcorn maggot, and seedcorn beetles. The insecticides registered for this use 
are lindane, chlorpyrifos, and diazinon. There are no effective post-planting rescue treatment 
alternatives. 


Preventative soil treatment for control of cutworms on corn can be applied as granules 
before or during planting, or in a liquid formulation applied as a tank mix with pre-plant or pre- 
emergence herbicides. Post-emergent rescue treatments can also be used. Terbufos is 
registered for cutworm suppression, but it is not generally recommended by the Extension 
Service due to the difficulty of predicting economic infestations of cutworms. Extension Service 
recommendations in most states advise producers to use rescue treatments, rather than 
preplant or planting-time preventive treatments, to control cutworms. 


Properly timed foliar insecticide treatments can reduce adult corn rootworm populations, 
thereby reducing the number of eggs in the soil. A reduction in the number of eggs may 
eliminate the need to apply a granular insecticide the following season if the field is again 
planted to corn. This strategy must be managed by properly trained personnel, since it 
requires a knowledge of population thresholds and insect biology (e.g. number of beetles per 
plant, male to female ratio, percent gravidity). Two properly timed insecticide treatments are 
often required to reduce beetle populations since egg-laying can occur as late as September 
(Hein and Tollefson, 1985a). There are several negative factors associated with the use of 
these foliar treatments: 1) corn rootworm resistance may develop more quickly; 2) spider mite 
infestations may increase due to a negative impact on beneficial insects (i.e., pollinators, 
predators, parasites); and 3) other non-target insects may be impacted. For these and other 
reasons, producers have not implemented rootworm adult control programs on a large scale. 
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Non-Chemical Management Alternatives 


Northern and western corn rootworm overwinter as eggs in the soil of corn fields, and the 
larvae then feed on the roots of corn planted the next season. Since corn rootworm larvae 
cannot survive on soybean roots, an effective control measure is a corn-soybean rotation 
(Branson and Ortman, 1970). In general, a rotation with a crop other than corn will break the 
corn rootworm cycle. This commonly used practice eliminates the need for application of soil 
insecticides for rootworm larval control. However, low levels of corn rootworm damage to first 
year corn (i.e. corn following soybean or other alternate crops) have been reported by several 
states in the cornbelt (Hill and Mayo, 1980). The survival of corn rootworm eggs in the soil for 
more than one year is the result of extended diapause, which has also been found in Nebraska, 
South Dakota, lowa, Illinois, and Minnesota (Krysan et a/., 1986). 


A corn-soybean rotation has been used on several million acres in the midwest for over 20 
years. However, the lack of flexibility in the current farm program has reduced the use of 
rotation because of the potential for loss of program base and payments. The 1990 Farm Bill 
increases planting flexibility and reduces obstacles to the use of rotation in corn production. 


Potential for Pest Resistance 


With the currently registered organophosphate and carbamate granular insecticides available 
for use on corn, the potential for pest resistance is considered minimal. The potential for pest 
resistance is reduced because organo-phosphate and carbamate insecticides are non- 
persistent in the environment. In addition, only a small portion of the pest population is 
exposed to insecticide treatment in a single season because the material is applied in a small 
7-inch band and rootworm larvae developing on roots outside the chemically treated band are 
not exposed to the insecticide. The exposure of only a small portion of the pest population 
allows susceptible genes to be re-introduced each year (Krysan and Sutter, 1986). The 
potential for pest resistance is also reduced because western and northern corn rootworms are 
univoltine. 


Outlook for New Chemical and Non-Chemical Controls 


The chemical industry remains active in the development of new insecticides for registration 
and use on corn. However, the increase in development costs and rising environmental 
concerns make the outlook for the registration of new chemicals questionable. Several 
midwestern states are involved in a cooperative adult rootworm control research program using 
starch-borate granules impregnated with several semiochemicals, cucurbitacin, and a very small 
amount of carbaryl (Lance, 1988; Meinke, 1990). This “attract and kill” approach is a promising 
rootworm management alternative, but it must still be demonstrated that these formulations will 
persist through the rootworm egg-laying period. 


Non-chemical alternatives such as biological control agents may eventually provide viable 
alternatives to chemical control of corn pests, but not within the next five to ten years. Two 
promising areas of research are the isolation of a highly virulent strain of Beauveria bassiana 
and the incorporation of Bacillus thuringiensis into the genetic structure of corn through genetic 
engineering (J. Obrycki, lowa State University, personal communication). 


There have been phytotoxic responses in corn as a result of an interaction between the 
systemic activity of terbu.os and the new sulfonylurea herbicides, Beacon® and Accent® (M. 
Owen, lowa State University, personal communication). These new herbicides are particularly 
useful in production areas where problem weeds such as shatter cane, wooly cupgrass, wire 
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stem muhly or quack grass are common. In fields where a problem weed exists and either 
Beacon® or Accent® was the herbicide selected, then a non-systemic organophosphate 
insecticide (chlorpyrifos, fonofos) or a carbamate (carbofuran) or synthetic pyrethroid (tefluthrin) 
would need to be used to avoid the occurrence of a phytotoxic reaction. 


Integrated Pest Management 


The implementation of integrated pest management programs (IPM) based on the scouting 
techniques and economic thresholds recommended in current extension publications would 
reduce the use of soil insecticides. For example, scouting com fields for corn rootworm beetles 
in July, August, and September permits producers to identify fields where the likelihood of 
economic damage by rootworm larvae is high the following year. When the population of 
rootworm beetles exceeds 0.7 beetles per plant, an economic infestation is likely if that field is 
planted to corn the following year. The use of this technique could dramatically reduce the use 
of soil insecticides at planting and at cultivation, because only those fields with potential for 
rootworm damage would be treated. Corn producers have not adapted IPM techniques for a 
variety of reasons: 1) convenience and confidence in at-planting and at-cultivation timed 
insecticide applications; 2) lack of knowledge or confidence in the adult counting concept as a 
scouting technique; 3) increased labor requirements; and, 4) shortage of trained insect scouts. 
However, IPM methodologies have been successfully used by the agricultural consulting 
industry. 


Sticky traps have been proposed as an alternative method for assessing the potential for 
rootworm infestation the following season (Tollefson et a/., 1975). This technique has been 
refined as a result of subsequent research (Hein, 1984; Hein and Tollefson, 1984; Karr 1984; 
Hein et al., 1985; Hein and Tollefson, 1985b). Fields are considered to have a high potential 
for corn rootworm damage the following season if the average number of beetles caught in a 
trap during a 7-day period exceeds 29 (Tollefson, 1986). 


The visual count and sticky trap methods for assessing beetle populations are not commonly 
used by com producers. However, these do represent realistic management strategies that 
could be used singly or in combination to reduce the amount of insecticide applied to 
continuous corn. 


It is estimated that only 20-40% of the acreage planted to continuous corn has corn 
rootworm infestations that reach the economic level. However, in most instances corn 
producers do not assess the need for the application of insecticides, preferring to use 
preventative applications. Preventative applications of insecticides will become less common as 
corn producers become more concerned with the agricultural environment and the added cost 
of applying insecticides unnecessarily to 60-80% of their acreage. It is important that extension 
personnel continue to educate corn producers about the alternative management strategies 
which will reduce their reliance on chemical control of corn pests. 


Comparative Performance Evaluation 


Based on root ratings from numerous insecticide screening trials, terbufos is one of the most 
consistently efficacious soil insecticides for control of western and northern corn rootworm 
larvae (Boetel et al, 1990; Chaddha and Ostlie, 1990; Hower and Alexander, 1990; Jarvi, 
1990). Terbufos and carbofuran are the two most efficacious granular insecticides for control of 
white grub (McBride, 1984) and wireworm (McBride, 1483; Ostlie et a/., 1990). Terbufos is 
often preferred by no-till corn producers because it can be used in-furrow, unlike many of the 
alternative chemicals. The in-furrow registration of terbufos may be an advantage when 
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surface water-runoff and volatilization of applied insecticides are major concems (Kenimer et 
al., 1989). 


Phorate is an effective insecticide option for wireworm control, although it is consistently less 
efficacious for rootworm larvae control compared with other registered products (McBride, 1983; 
Oleson, et al., 1990). 


Summary 


Of the 68.5 million acres of corn grown in the United States, 26 million acres (38%) are 
treated with a soil insecticide to protect against root attacking arthropods. Applications of 
phorate (9% of usage) and terbufos (39% of usage) account for nearly half of insecticide usage 
on com inthe U.S. The primary insect pests in continuous corn cropping systems which are 
controlled with applications of these insecticides are the northern and western com rootworms. 


Terbufos is one of the most, if not the most, efficacious insecticides for the control of corn 
rootworm on corn. In com following sod or in no-till production systems, terbufos is clearly the 
most efficacious insecticide to use. Terbufos and carbofuran are equally efficacious for control 
of nematodes and the lesser corn stalk borer in the southeastern United States. 


The NAPIAP Phorate and Terbufos pesticide use assessment survey produced little or no 
evidence that yield, producer income or commodity prices would change appreciably if phorate 
was no longer available for control of corn insect pests. If the registration(s) of phorate (and 
terbufos) is/are canceled, corn specialists perceive two major effects on corn production: 


1. A product with inferior performance capabilities would have to be used in controlling: 
a) expected heavy infestations of corn rootworms; b) soil insect pests in no-tillage 
production systems; and, c) lesser corn-stalk borer infestations. 


2. Usage of alternative insecticides would increase as follows: carbofuran from 4% to 
7% of total usage, chlorpyrifos from 10% to 17%, fonofos from 5% to 8%, and tefluthrin 
from 1% to 5%. 


Corn producers currently utilize several IPM and non-chemical management alternatives as 
part of their insect pest management programs. Crop rotation will continue to be an important 
non-chemical management alternative that reduces the number of acres requiring application of 
insecticides to control corn rootworm. The number of fields that are treated with preventative 
applications of soil insecticides can be minimized by monitoring the size of adult beetle 
populations with beetle counts and sticky-traps. Adult monitoring methods are not currently 
used by com producers, but promotion by the Cooperative Extension Service and IPM 
consultants should increase their use by producers. 
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Phorate Use on Cotton 


Robert B. Head 


Cotton (Gossypium hirsutum L.) is produced in 15 southern and westem states of the United 
States. United States production is approximately 10-12 million acres, with more than 50% 
planted in California, Mississippi and Texas (Table 4). 


Table 4. United States cotton production, 1988-89? 





Area Average Total 
State harvested yield production 
(acres) (1b/A) (480 lb bales) 

Upland Cotton 
Alabama 358,000 518 385,000 
Arizona 294,000 1248 758,000 
Arkansas 632,000 721 952,000 
California 1,188,000 1108 Zee, 000 
Florida 29,000 570 34,000 
Georgia 295,000 605 370,000 
Louisiana 632,000 690 909,000 
Mississippi 1,120,000 PP 1,688,000 
Missouri 223,000 614 286,000 
New Mexico 68,000 664 94,000 
North Carolina 117,000 S52 134,000 
Oklahoma 382,000 305 246,000 
South Carolina 128,000 560 148,000 
Tennessee 490,000 515 527,000 
Texas 4,500,000 418 4,008,000 
Other 4,000 515 4,000 

Total 10,460,000 607 S253), 000 
Pima Cotton 
Arizona 186,000 898 348,000 
California 10,000 906 10,000 
New Mexico 22,000 637, 30,000 
Texas 58,000 787 96,000 

Total 278,000 854 494,000 
All cotton 10, 738,000 614 13,748,000 


al 


4source: USDA, 1990. 


Registration Summary 
Phorate is labeled for use on cotton for control of thrips (Frankliniella spp.), aphids 
(Aphididae), spider mites (Tetranychus spp.), and leaf miners (Liriomyza SppP.). Phorate is 
applied at a rate of 0.5 to 1.0 lb ai/acre in the seed furrow at planting. Thrips are the most 
important cotton pest controlled by phorate. 


Pest Infestation and Damage 


Certain insect pests are confined to specific production regions (e.g. pink bollworm in the 
western states), while other pests are endemic across the Cotton Belt (e.g. thrips and plant 
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bugs). Different insect pests infest cotton at each stage of development (Table 5). Systemic 
insecticides are frequently applied at planting to provide insect control from plant emergence 
until the pinhead square stage. Thrips are the primary pest targeted with at-plant applications. 
Thrips are most damaging during the early stages of cotton development (Head et a/., 1990). 
Thrips feeding on seedling cotton results in stunting, delayed maturity, and reduced yields 
(Carter, 1989). In addition to the reduction in yield caused by stunting, weed control is more 
difficult in fields where plant size is reduced. Thrips infested 6.6 million acres of United States 
cotton in 1987, of which 3.6 million acres were above economic thresholds for foliar treatments 
(Table 6). In Arkansas, thrips reduced cotton stands by 19%, reduced leaf area by 88%, and 
delayed fruiting by two weeks (Carter, 1989). The delay in fruiting reduced fiber quality and 
tensile performance. On high plains cotton in Texas, infestation by thrips from emergence to 
the appearance of the 4th or 5th true leaf caused a significant reduction in leaf surface area, a 
delay in square initiation, a reduction in early set squares, a reduction in number of early 
blooms and bolls, and a reduction of final yield (Leser, 1986). Even with chemical control, 
thrips reduced cotton yield by 0.36% (Table 6), resulting in a loss of 42,782 bales valued at $15 
million (Head, 1990). Cotton yield reduction caused by thrips damage are presented in Table 
7. Yield losses in individual production areas may be considerably higher than the average 


loss, and the average loss would be higher if the reduction in lint quality were factored into loss 
estimates (Carter, 1989). 
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Table 7. Thrips damage to United States cotton production, 
1985-89 


rr 


No. 
Area Yield bales 
State infested reduction lost 
a a a 
(mil acres) (%) 
Alabama 3552.0 0.45 eS 
Arizona 239.0 0.80 75 
Arkansas 568.0 0.48 3,827 
California 18.4 0.05 1,600 
Florida 22.50 0.36 118 
Georgia 144.0 OeZ1: 175 
Louisiana 384.1 Of2Z7 2,285 
Mississippi 941.6 07 15,206 
Missouri TS 522 Ze 6,339 
New Mexico 3209 VO Z 2,024 
North Carolina 82.8 0.49 621 
Oklahoma 300.0 0.00 5 
South Carolina 114.0 oe Z,oo 
Tennessee 360.2 On73 3,208 
Texas 2812.1 0.46 8,873 
Virginia PD Pz 0.10 2 
Total 655155 49,100 





*Source: Head, 1990b. 


Pest Management 
Current Chemical Usage 


Phorate is used on 480,507 acres (4%) of cotton in the United States, requiring the 
application of 334,548 Ib ai costing $2.1 million (Table 8). The percentage of acreage treated 
ranges from 0 in Tennessee to 42% in Florida. Since the application of phorate does not 
require an extra trip in the field, the cost of the chemical is the total cost of application. Phorate 
is applied in the seed furrow at planting, and will give some protection against insect pests for 
five weeks. There are several granular chemical alternatives to phorate for systemic control of 
thrips: aldicarb, disulfoton and carbofuran (Fig. 1). However, these insecticides are more 
expensive and for this reason will increase overall costs of thrips control (Table 9). 
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Table 8. Phorate and alternative chemical usage on cotton, 1985-89? 


a SS SS A SSR RS EE SE SE STS SED 


--- Area treated if: --- Area Total 


State & Area Phorate Phorate currently chemical 
chemical harvested available unavailable treated used 
SS SSS RSE AS a SE ES A A RES SSS a SESSA 
(thousand acres) (%) (3) (acres) (lb ai) 
Alabama 358 
phorate 3 0 10,020 7,515 
aldicarb 70 70 233,800 105,210 
carbofuran 0 0 0 0 
disulfoton 15 18 50,100 37,575 
Arizona 480 
phorate 10 0 45,000 45,000 
aldicarb 30 40 135,000 67,500 
carbofuran 2 2 9,000 9,000 
disulfoton 2 2 9,000 9,000 
Arkansas 632 
phorate 1 0 7,000 3,500 
aldicarb 75 76 525,000 262,500 
carbofuran 1 ak 7,000 7,000 
disulfoton all 1 7,000 7,000 
California 1,198 
phorate 8 @) 96,528 58,882 
aldicarb 14 22 178,206 169,295 
carbofuran ORL ()aal Pcs 817 
disulfoton O52 Or 27405 5,470 
Florida 290 
phorate 42 0 10,794 8,096 
aldicarb 44 60 11,308 5,654 
carbofuran 0 0 0 0 
disulfoton a2 38 3,084 2,313 
Georgia 295 
Beorate als) fe) 40,350 30,263 
aldicarb 60 15) 161, 400 80,700 
carbofuran 0 (6) (e) 0 
disulfoton 5 5 13,450 10,088 
Louisiana 632 
phorate 7 0 52,899 46,286 
aldicarb 52 Si Ears odes 
carbofuran 0 6) 
disulfoton bs V 37,185 ey TRESS 
Mississippi eeO 
aay 2 0 22,000 22,000 
aldicarb 35 36 sores eer 
carbofuran (e) 0 
disulfoton 5 6 55,000 55,000 
Missouri 223 
phorate 9 0 20,022 20,022 
aldicarb 33 SS aoe a hae | 
carbofuran 0 5 
disulfoton 5 7 O70 15. 07, Os: 
meetce ce 1,967 DOr 
phorate fe Ary 3947 
aldicarb 8 ’ 
4 6 3,208 Eig PA ONS 
carbofuran CAL 1231 
disulfoton 2 2 1, ’ 
North Carolina el 7 1.180 885 
Bees ate 5 09,740 65,844 
aldicarb f a 109, 5 ' 0 
carbofuran 2.655 
disulfoton 3 3 3,540 , 
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Table 8 (continued) 
eee 


--- Area treated if: --- Area Total 
State & Area Phorate Phorate currently chemical 
chemical harvested available unavailable treated used 
a 
(thousand acres) (3) (3) (acres) (lb ai) 
Oklahoma 382 
phorate 4 0 15,834 11,876 
aldicarb 6 10 23,954 11,977 
carbofuran al ul 4,060 4,060 
disulfoton | 1 4,060 4,060 
South Carolina 128 
phorate 5 fe) 6,140 3,070 
aldicarb 70 as) 85,960 42,980 
carbofuran 0 fe) (6) fe) 
disulfoton 5 7 6,140 3,684 
Tennessee 490 
phorate 0 fe) 0 0 
aldicarb 35 35 148,400 81,620 
carbofuran 0 0 0 0 
disulfoton LS, 15 63,600 50,880 
Texas 4,558 
phorate 3 0 150,724 Wy eI ar"4 
aldicarb 18 20 974, 323 438,445 
carbofuran 3 2 75,362 SO 7522 
disulfoton at 1 26,915 16,149 
Virginia 4 
phorate 8 0 450 225 
aldicarb 85 92 Se LOo 27550 
carbofuran (@) 0 fe) 0 
disulfoton 8 8 450 225 
All User States 10,738 
phorate 480,508 334,549 
aldicarb 3,446,123 iP Glt2 ae 
carbofuran 99,868 80,607 
disulfoton 294,251 Pipsych aA 


*Source: NAPIAP Phorate Survey, 1990. 
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Table 9. Phorate and alternative chemical usage on cotton? 
CS a a 


Total 

Treatment No. Chemical treatment 
Chemical rate treatments price cost 
a a a a 

(lb ai/A) ($/lb ai) ($/A) 
Granulars 
aldicarb 0.5 1 T9Ns3 9.66 
disulfoton Le) 1 T00 11.00 
carbofuran 0 1 Sis IE O33 
phorate ac0 if 6.26 6.26 
In-Furrow Sprays 
acephate a 20 1 6.26 6.26 
disulfoton 30 1 i O0 Ta O0 
Seed Treatment 
acephate 0.05 aL 6.26 Ons 
Foliar Sprays 
acephate 075-33 2 6.26 hess ial 
dicrotophos O25 ie We sz 6.66 
dimethoate OF25 2 6.76 6.38 
azinphosmethyl 0.225 i 11.04 ho by 





*Source: NAPIAP Phorate Survey, 1990. 


Chemical Alternatives for Pest Management 


Foliar applications of insecticides to control thrips have a negative impact on the predators 
and parasites of other cotton pests, and thus contribute to pest outbreaks (Horn, 1988). The 
impact on predators and parasites is not as great when systemic granular insecticides, rather 
than foliar sprays, are used to control thrips. Seed and hopper-box treatment with acephate is 
another chemical alternative to phorate. When granular systemic insecticides are not applied, 
adequate control of thrips will require two to four applications of foliar insecticides (Table 10). 
In addition, foliar insecticides may have negative impacts on beneficial arthropods, thereby 
contributing to secondary pest outbreaks. Repeated applications of foliar insecticides may also 
intensify selection for resistance in both target and non-target pests. However, if the 
registrations of all granular insecticides are canceled, cotton producers will be forced to use 
foliar applications on a larger scale. 


Non-Chemical Management Alternatives 


Cotton is better able to tolerate thrips infestation when it is grown in an environment which 
promotes vigorous growth. Less than optimal environmental conditions, particularly air 
temperatures below 60 F (which are common during May in the northem portions of the 
southeast and mid-south), increase the importance of thrips management. Early-season growth 
of cotton is stimulated when the seedbed is well prepared and high quality seed is planted. A 
good disease management program is also important to ensure vigorous plant growth. 


Rotation of cotton with other crops such as soybeans, corn, grains, sorghum and legumes 
improves plant health and vigor, and thus may increase resistance to insect pests. However, 
rotation is a viable strategy only when a producer has an excess of quality soils. In most 
cases, quality soils are limited, and cotton is planted in the same fields for decades. 
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Table 10. pierces alternatives to granular insecticides for control of insect pests of 
cotton? 


eee 


State Chemical alternatives 

CC CCC, Cn nn nnn nnn eee SSS 

Alabama Foliar application of acephate, dicrotophos, dimethoate or 
methamidophos at 0.2 lb ai/acre. 

Arizona Emulsifiable concentrate formulations at planting. 

Arkansas Foliar application of dicrotophos or dimethoate (2-4 times). 

California Foliar application of acephate (3% increase) and parathion (7% 
increase). 

Florida Seed treatment and in-furrow treatment with acephate. Foliar 
application of acephate (3-5 times). 

Georgia Foliar application of dimethoate at 0.2 lb ai/acre. 

Louisiana Seed treatment and in-furrow treatment with acephate. 

Mississippi Foliar application of acephate at 0.33 lb ai/acre, dicrotophos at 0.25 
lb ai/acre, or dimethoate at 0.25 lb ai/acre (2-4 times). 

Missouri Acephate would be the insecticide of choice. 

New Mexico Liquid formulations of carbofuran and disulfoton. 

North Carolina Foliar applications of dicrotophos at 0.25 ai/acre, phosphamidon at 
0.25 ai/acre, dimethoate 0.1 lb ai/acre, or acephate at 0.25 lb 
ai/acre. 

Oklahoma Hopper box or foliar applications of acephate, dicrotophos, dimethoate, 


oxydemeton-methyl, or phosphamidon. 


South Carolina Seed treatment and foliar applications (1-2 times), or acephate in- 
furrow at 1.0 1b ai/acre. 


Tennessee Seed treatment with acephate. Foliar applications of acephate, 
azinphosmethyl, dicrotophos, or methamidophos. In-furrow sprays of 
acephate or disulfoton. 


Texas Seed treatment with acephate and foliar applications with acephate, 
dicrotophos, or dimethoate (2 times). 





*Source: NAPIAP Phorate Survey, 1990. 


Potential for Pest Resistance 


The use of phorate increases the potential for pest resistance to organophosphate 
insecticides. However, the use of this chemical also reduces the potential for pest resistance to 
pyrethroid and carbamate insecticides. 


Summary 


Phorate is applied at planting to approximately 480,507 acres (4%) of cotton produced in the 
United States. All cotton producing states, with the exception of Tennessee, report phorate use 
on cotton. Of the granular chemicals applied by cotton producers, phorate is the second 
choice, accounting for 4% of total granular usage. The granular chemical alternatives to 
phorate include aldicarb, carbofuran, and disulfoton. The cancellation of phorate will lead to an 
increase in the average cost of insect control due to the higher prices of the chemical 
alternatives. 
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lf all granular insecticides are canceled, the chemical alternatives for control of thrips would 
include acephate seed and hopper box treatments, acephate in-furrow application at planting, 
and foliar applications of acephate. However, these alternatives will increase production costs, 
have detrimental effects on beneficial arthropods, and increase the risk of drift to non-target 
areas. Good crop production practices can help reduce thrips damage, but often only increase 
tolerance to thrips without providing suppression of thrips. 
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Phorate Use on Peanut 


Rick L. Brandenburg 


Peanut (Arachis hypogaea L.) production in the United States is divided into three 
geographic regions: 1) the southeast (Georgia, Florida, Alabama), 2) the southwest (Texas, 
Oklahoma, New Mexico), and 3) Virginia-Carolina (Virginia, North Carolina, South Carolina). 
Production statistics for states which produce peanut are provided in Table 11. Peanut 
production is centered in the southeast, which accounts for approximately 1.5 million acres with 
a market value of $1 billion. 


Table 11. United States peanut production, 1984-88? 


Average 
Area Average market 
State planted Production yield Value price 
(Acres) (tons) (1b/A) (thousand $) ($/1b) 
Alabama 219,200 276,474 2,539 148, 667 .269 
Florida 89,000 114,626 Pape ae) 58,307 254 
Georgia 647, 600 910,415 2,834 490,390 .269 
New Mexico 13,100 15,968 2,438 9,852 . 308 
North Carolina 152, 400 215,488 2,862 120,455 .279 
Oklahoma 95,800 99,014 26 55,047 .278 
South Carolina 13,200 Gre2e 2,497 8,329 sor 
Texas 244,600 203,242 1,708 94,092 Spee 
Virginia 93,200 134,524 2,905 69,222 257) 


Total 1,568,100 A PRRs WA) 1,054, 361 





4Source: USDA (1986, 1987, 1989). 


Maximum yields are obtained when peanuts are grown on sandy soils with light to medium 
texture and good drainage (Pattee and Young, 1982). Peanuts are commonly rotated with a 
grass crop or cotton to aid in disease suppression. Irrigation is more frequently used in the 
southeast and southwest than in the Virginia-Carolina production region. The number of days 
required for maturity ranges from 100 days for Spanish and Valencia peanut types to 160 days 
for Virginia-types of plants. 


Registration Summary 


Phorate is labeled for application to peanuts at two specific plant growth stages: at-planting 
and at-pegging. Application at-planting is in the seed furrow at the rate of 7.3 oz per 1,000 ft of 
row for any row spacing (minimum 24-inch spacing), or at approximately 1 Ib ai per acre in 36- 
inch rows. The at-planting application provides systemic control of thrips (primarily Franklinella 
fusca [Hinds]) and leafhoppers (Empoasca fabae [Narris]), but control of thrips is generally 
considered the most critical to maintaining adequate peanut yield. The at-pegging application is 
in a 12- to 16-inch band over the top of the row at the rate of 2 Ib ai per acre (36-inch rows), 
then incorporated into the top layer of soil immediately after application. The at-pegging 
application provides control of southern corn rootworm (Diabrotica undecimpunctata howardi 
Barber) and leafhoppers. 


35 






94 no o#U eferon4 


| AS 
le ee: 

i - pin ( J memgotyet eit) nd vd 
| A eh oriHE) lapectiuse ert! (? :evoigen Griggs 
ls nig Lorepe¥ (ons (ookeM wort moras 
nor aw septate vol eotenne NORD 


an 10 usb Cow weseuoe ext ni beretneo ef NONGUE 
nOMmd 18 to quieW 





—_ —— ee 


aor feet .aued) — 











VOD S18 stuntied retw becishto ow: ablely xe 
mf rx Y Loe oaieS) epoaninw Doxa) OF a OM 
wit | neeagrqure Gaoweid ni bes of notion 10:0 WY 22 
4 BC) a iv off} m cert! bovetiuoe bes t 
. is’ big Aoiege | es yso OG? mont sagem yusen 1 
ansiq to vagal 
























Marmue nolwdeqeht : 


3 nxjio ttn ieie * 3 owt & ei emcee 

= ‘ oft (© worlg! 0892 a! fi a) otiinmiky le MOlEOHQGA | 
(«es \ iw “se yw inode Aow-h> Ure) QNCEGE w 
=x Ti) wwe to (OES Geninye sehag NoWeolqE OniEID- IE: iT 
“v vi teD a uit § lori od (ae) aon enmMneS) eraqqodiae br bs 
Bawte rv ap % a Diewy fai eg sthupotis qrMnLaAnissr: Of lisHlIND 12 mn att 
» rw BE S798 VE I GS te ater oot ip wor ald Re got ae Bolaal 
urns eT nenise ba yiits ylafelbenrurl Sem IO 
Ln CARIN coh) AeMONMce May Mtl 
: — 










‘] 
- 










Pest Infestation and Damage 


Thrips are the most common target pest for at-plant applications of phorate to peanut. Yield 
loss from thrips infestation may reach 500 lb per acre in the Virginia-Carolina production region 
(Brandenburg, 1990). However, researchers in the southeast and southwest do not attribute 
significant yield loss to thrips damage (Smith, 1972; Tappan and Gorbet, 1981). The greater 
yield losses in the Virginia-Carolina production region may be due to the longer maturity period 
of Virginia-type peanuts which is exacerbated by early-season stunting by thrips. Producers in 
the Virginia-Carolina region cannot delay harvesting for long due to an increased risk of 
damage from frost. Management of thrips has become more important due to the spread of 
tomato spotted wilt virus, a disease that is transmitted by thrips. Large reductions in peanut 
yield have been attributed to tomato spotted wilt virus in the southeast and southwest 
production regions (French, 1989). Insecticides are useful in reducing the secondary spread of 
tomato spotted wilt virus (Weeks ef a/., 1988). 


At-pegging applications of insecticides to peanut are primarily aimed at controlling the 
southern corn rootworm The southern corn rootworm is a subterranean pest that feeds on 
peanut pegs and pods (Hunt and Baker, 1982). Infestation by southern corn rootworm is most 
serious when peanut is grown on soils with a high clay content, such as those found in 
Georgia, North Carolina, South Carolina and Virginia (Campbell and Emery, 1967). Southern 
corn rootworm is occasionally a problem in Alabama and Florida, but it is rarely observed in the 
States of the southwestern production region. Control of leafhoppers, which are not a primary 
peanut pest, is a secondary benefit of at-pegging application of insecticides. 


Pest Management 
Current Chemical Usage 


The results of the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 
pesticide use assessment survey indicate that phorate is used in all states producing peanut 
(Table 12). The most common use of phorate is as an at-plant in-furrow treatment for control 
of thrips at a rate of 1.0 lb ai/acre. At-planting applications are used on 8.7% of peanut 
acreage, and account for 92.6% of its total usage on peanut (Table 2). The remainder of 
phorate usage on peanut is in three states (Florida, North Carolina, Virginia) as an at-pegging 
application at a rate of 2.0 Ib/acre (36-inch rows). Phorate is generally applied once per 
season, but in some instances may be applied both as an at-plant and at-pegging treatment. 
Application of phorate at-pegging is for control of southern corn rootworm in Virginia and North 
Carolina. Wireworms (Elateridae), lesser cornstalk borer (Elasmopalpus lignosellus [Zeller]), 
and cutworms (Noctuidae) are the target pests for at-pegging applications of insecticides in 
South Carolina, but phorate is not the product used. Florida uses an at-pegging treatment for 
control of leafhoppers, and is the only state to list foliar sprays as an alternative treatment. 


Choice of chemical alternatives to phorate for thrips control on peanut are based on 
availability, relative efficacy, and convenience of usage. All alternatives are granular 
formulations applied at-plant in-furrow. Aldicarb is the preferred alternative to phorate for thrips 
control (Table 13). Disulfoton is also used as an alternative, but its current usage is 
Significantly lower than the usage of phorate and aldicarb. Use of carbofuran as an at-plant in- 
furrow insecticide is not significant. 
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Acephate is applied as a foliar treatment for thrips, but foliar applications are a secondary 
option to at-plant application in all states except Oklahoma. Virginia uses foliar applications in 
addition to an at-plant treatment. The frequency of applications, number of applications, and 
application rate used for foliar treatments varies from state to state. If granular insecticides 
were no longer available, foliar alternatives would be widely used. However, there is concern 


that frequent use of foliar applications will increase the frequency of spider mite (Tetranychus 
urticae Koch) outbreaks. 


Chlorpyrifos and fonofos are the two most commonly used chemicals for the control of 
southern corn rootworm (Table 14). Use of phorate, ethoprop, and carbofuran for control of 
southern corn rootworm accounts for a small portion of total chemical use. 


Non-Chemical Management Alternatives 


There are few non-chemical management alternatives available for peanut insect control. 
Natural biological control is important, but has not been well documented. However, should all 
granular chemicals be canceled for use on peanut, natural biological control would be reduced 
due to an increase in the use of foliar chemicals. 


Thrips infestation can be reduced by planting later in the season, but late-planted peanut is 
more susceptible to frost damage before and during harvest. Crop rotation does not reduce 
infestation by thrips or southern corn rootworm since the patchwork of crops adjacent to peanut 
fields provides alternate hosts for these pests. Rotation with corn may actually increase 
damage to peanut caused by southern corn rootworm since the populations that infest peanut 
are the offspring of an earlier generation that infested corn. Southern corn rootworm infestation 
is greatest in moist soils, and for this reason damage is more likely in fields that are irrigated or 
have a high clay content. Southern corn rootworm infestation can be reduced by avoiding soils 
with a high clay content. However, the need to rotate production for the suppression of 
diseases may force producers to return to soils that have a high clay content. 


A Virginia-type peanut grown in the Virginia-Carolina production region, 'NC 6’, has excellent 
resistance to southern corn rootworm and some resistance to thrips, but its use is declining as 
varieties with better yield and quality are released by plant breeders. The use of NC 6 permits 
growers to reduce the at-planting application of insecticide by 50% for control of thrips and by 
75% for control of southern corn rootworm. 


Integrated Pest Management 


Because southern corn rootworm is a subterranean pest, insecticides must be applied prior 
to infestation so that a protective barrier can be formed around peanut pegs and pods 
(Brandenburg, 1990). Integrated pest management (IPM) scouting procedures are not useful 
as a management alternative for southern corn rootworm control since rescue treatment is not 
available. 


Integrated Pest Management methodologies are available for thrips control in peanut, 
however the efficacy and convenience of in-furrow insecticide use at-planting makes 
preventative control very attractive to producers. The thresholds for the use of foliar treatments 
are based on percent damaged leaflets or actual thrips abundance. These IPM techniques 
require time for scouting and additional trips across the field for foliar insecticide applications. 
In areas where tomato spotted wilt virus is severe, both preventative and foliar insecticide 
applications are used. Thrips infestation can also be reduced by delaying the date peanuts are 
planted, if regional weather patterns permit. 
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Potential for Pest Resistance 


The potential for development of pest resistance is moderate for thrips and southern corn 
rootworm. Both pests utilize a number of hosts (both treated and untreated) during the season, 
thereby reducing the potential for the development of resistance to any one chemical. 

However, it should be noted that the potential for pest resistance is increased anytime an insect 
is exposed to fewer insecticides, even though the pest utilizes several host plants. 


Summary 


Phorate represents a small, but significant share of the at-plant insecticide market in peanut. 
It is efficacious and reasonable in cost. Chemical alternatives to phorate are effective, but 
dependance on a reduced number of chemicals for control of peanut pests may lead to a loss 
in their efficacy due to enhanced soil microbial degradation or a slight increase in pest 
resistance. This problem would be more serious should aldicarb also be restricted or canceled 
for use on peanut. 


The difficulty of assessing the reduction of peanut yield and quality caused by thrips 
infestation is compounded by increasing problems with tomato spotted wilt virus, which is 
vectored by thrips. If tomato spotted wilt virus continues to spread, it will be paramount that an 
array of chemicals be available so that effective thrips management programs can be 
implemented by peanut producers. Foliar treatments are effective for the control of thrips, but 
their use creates additional operations for producers and may increase the likelihood of 
infestations by spider mites and other secondary pests. Many foliar treatment alternatives are 
available, but it is difficult to predict what would happen to the price and availability of these 
chemicals should all granular chemicals be canceled. 


Phorate plays a relatively minor role in the management of southern corn rootworm 
infestations of peanut. However, cancellation of phorate would have a greater impact on the 
peanut industry should the registrations of the granular insecticide alternatives also be 
canceled. 


The economic impact of restrictions which limit the use of pesticides on peanut may be 
greater on individual production areas than indicated by national statistics. Peanut and cotton 
production provide the backbone of the local economies of some production areas, and are fully 
responsible for farm solvency. A reduction in the profitability of peanut production would have 
severe effects on the local economies of these areas since alternative crops are not available. 
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Phorate Use on Potato 


Jeffrey A. Wyman 


Potato (Solanum tuberosum L.) is grown commercially on over 1.2 million acres in the 
United States. Annual production of potato ranged from 334 to 404 million cwt for 1983-89, 
with an annual average of 368.3 million cwt (USDA, 1990). Potatoes are produced 
commercially in 37 states, but 88% of total United States production occurs in 11 states. 
Potato production is concentrated in the Pacific Northwest (Idaho, Washington, and Oregon), 
the north central region (Michigan, Wisconsin, and the Red River Valley region of North Dakota 
and Minnesota), and in Colorado, Maine, California, and Florida. 


The market value of the potato crop ranged from $1.6 to $2.1 billion for 1983-88. The fall 
harvest of potatoes accounts for 85% of total production. Potatoes are also harvested in the 
spring (southern states), summer (throughout the United States), and the winter (California and 
Florida). The price of potatoes is linked to local and national demand, tuber size, tuber quality, 
and the time of harvest. Prices are inversely related to supply, with average prices ranging 
from $3 to $8 per cwt over the past decade (USDA, 1989). Potatoes harvested in the spring 
and early summer are usually the most valuable. Market price is significantly reduced by pest 
damage and environmental stress, which adversely affect storage and processing qualities. 


Registration Summary 


Phorate is labeled for use on potato for contro! of aphids (Aphididae), leafhoppers 
(Cicadellidae), leaf miners (Agromyzidae), psyllids (Psyllidae), wireworms (Elateridae), 
fleabeetles (Chrysomelidae), and Colorado potato beetle (Leptinotarsa decimlineata Say). 
Phorate is applied as a soil treatment in the furrow at 2.0 Ib ai/A on sandy soils and 3.0 Ib ai/A 
on clay soils. Some state registrations (24c) permit use of phorate as a layby treatment at 
plant emergence. 


Pest Infestation and Damage 


The colorado potato beetle is the most destructive pest of potato in the eastern and north 
central production regions. Adult and larval feeding reduces both yield and tuber size, 
particularly when plants are defoliated early in the growing season. Yield reductions vary 
throughout the potato production areas. In the eastern states, complete crop failure may result 
from early season feeding. In the north-central production region, yield reductions range from 
10% to 50% after first generation feeding and from 50% to 80% after first and second 
generation feeding (Longridge et al., 1989). 


The potato leafhopper (Empoasca fabae Harris) is a serious pest of potato in the north 
central production region where damaging infestations occur annually. Infestation by potato 
leafhopper is sporadic in the eastern and northeastern production regions and never occurs in 
the northwestern and Pacific regions. Potato leafhopper infestation reduces potato yields by 
30% to 60% in the midwestern states if insecticides are not applied (Longridge et a/., 1989). 


Several species of aphids are pests on potato, including the green peach aphid (Myzus 
persicae Sulzer), the potato aphid (Macrosiphum euphorbiae Thomas), the foxglove aphid 
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(Acrythosiphon solani Kaltenbach), and the buckthorn aphid (Aphis nasturtii Kaltenbach). 
Aphids are vectors of virus diseases of potato, such as potato leafroll and potato virus Y. 
Prevention of virus transmission by these vectors is critical to potato seed production, since the 
use of infected seed will result in dramatically reduced tuber yields in subsequent years 
(Bauernfeind, 1977). With the exception of potato leafroll virus, infection of current season 
potato with a virus does not normally reduce yield. Potato leafroll virus may cause net necrosis 
in susceptible cultivars such as Russet Burbank’ and results in rejection by potato processors 
if damage exceeds 6% (W. Cranshaw, Colorado State University, personal communication). 
Seed potatoes are produced under strict sanitation conditions to reduce incidence of disease 
and enable certification as seed stock for subsequent plantings. Since extremely low 
thresholds for aphids in seed potatoes are necessary to keep virus transmission at acceptable 
levels, systemic control of aphids is very important. 


Several species of wireworm cause severe damage to potato by burrowing into tubers. 
Several years are required to complete the life cycle of wireworms, thus infestation of potato 
Originates in preceding crops or fallow periods. 


Pest Management 
Current Chemical Usage 


The results of the National Pesticide Impact Assessment Program (NAPIAP) pesticide use 
assessment survey are presented in Table 15. Responses to the NAPIAP survey were 
received from 22 states, accounting for more than 90% of United States potato production. The 
voluntary withdrawal of aldicarb from all states in 1989 significantly altered pesticide use 
patterns on potato. If aldicarb were still available for use on potato, the impact of the loss of 
phorate on potato production would be lessened considerably. 


Northwest Region: This is a geographically distinct region that represents 41% of United 
States potato production. Primary pests are aphids and wireworms. Colorado potato beetle is 
increasing in importance, but resistance to insecticides remains relatively low. Phorate is used 
extensively for aphid and wireworm control, and for Colorado potato beetle suppression. If 
phorate were no longer available for use on potato, producers would use disulfoton for aphid 
control and ethoprop for wireworm control. Several negative impacts would be associated with 
the use of these alternative chemicals: 


* The switch to ethoprop would add approximately $10 per acre to the cost of wireworm 
control and the added benefit of systemic control of other insects now provided by 
phorate would be lost. 


* The switch to disulfoton would provide effective aphid control, but early season 
suppression of Colorado potato beetle would be lost. Increased infestation by Colorado 
potato beetle would necessitate 1-2 additional foliar applications of an insecticide 
(probably a pyrethroid), increasing production costs by $6-10 per acre (H. Homan, 
University of Idaho, personal communication). 


* Greater use of foliar sprays would increase selection pressure on Colorado potato beetle 


and aphids, resulting in a more rapid development of pest resistance (Radcliff and Watrin, 
1986). The more rapid development of pest resistance would further add to control costs. 
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° The total increase in the cost of production is estimated to be $25 per acre (H. Homan, 
University of Idaho, personal communication). 


North-Central Region: This is a diverse region encompassing the Red River Valley (North 
Dakota, Minnesota), Wisconsin, and Michigan, which accounts for 26% of United States potato 
production. Key pests are potato leafhopper, Colorado potato beetle and aphids. Control 
failures are becoming more common due to the development of pesticide resistance among 
Colorado potato beetle populations (Graphius et a/., 1988). Phorate is applied to 20-30% of the 
acreage treated with a systemic insecticide in the north-central Production region. If phorate 
were canceled, producers would use disulfoton for control of aphid and potato leafhopper, and 
carbofuran for control of Colorado potato beetle if the carbofuran label is retained. Several 
negative impacts would result from this change: 


° Switching to disulfoton would reduce Colorado potato beetle suppression. Foliar 
applications of insecticides would be required to obtain adequate control, adding $10-15 
per acre to production costs (J. Wyman, University of Wisconsin, unpublished data). 


* Additional foliar sprays would increase the already serious resistance problem with 
Colorado potato beetle and aphids. This would result in the need to use more expensive 
alternative chemicals, at an anticipated cost of $5-6 per acre. 


* Increased use of carbofuran for control of Colorado potato beetle would increase 
production costs by approximately $5 per acre. In addition, there would be greater risks 
to birds and groundwater supplies. Carbofuran is currently under Special Review and the 
manufacturer has proposed the removal of potato from the label. 


* The total increase in the cost of production is estimated to be $15-25 per acre, and would 
be greater in states where the development of pest resistance is more serious. 


West-Central Region: This is a geographically distinct region with production centered in 
Colorado. The primary pests in this region are the potato psyllid, aphid, and (increasingly) 
Colorado potato beetle. Insect problems in this region are generally less severe than those of 
other production regions. Phorate usage is low in this region and, with the exception of 
Montana, yield reductions are not anticipated should phorate be canceled. 


Pacific Coast Region: Only California has significant potato acreage in this region. The 
primary pests in this region are aphids. Because phorate usage is low in California, no impact 
on potato yield is anticipated should its use be canceled. 


Northeast Region: This is a multistate region dominated by Maine. The primary pests in the 
region are Colorado potato beetle and aphid. Colorado potato beetle is highly resistant to most 
registered insecticides, including phorate. The cancellation of phorate would have a negligible 
impact on potato production because it does not control resistant Colorado potato beetle. 
Phorate usage is significant only in Delaware, where it is used to control wireworm. The 
cancellation of phorate would have a small overall impact on potato production in the northeast 
region. 


Southeast Region: This is a geographically diverse region. Each state in the region has 
intensively farmed areas, each with distinct pest problems. In Florida, phorate is used on 5,000 
acres for wireworm control. Because alternative chemicals are not available, the cancellation of 
phorate would result in severe yield losses. In North Carolina, phorate use is extensive, but 
could be replaced by disulfoton. The already high level of Colorado potato beetle resistance in 
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that state would increase if phorate were not available, but it is not anticipated that yield would 
be reduced. The overall impact of phorate cancellation on potato production in the southeast 
would be small, but would be severe in localized areas. 


Chemical Alternatives for Pest Management 


Colorado Potato Beetle: Although phorate is not as effective as systemic carbamate 
alternatives (aldicarb, carbofuran, oxamyl), it does provide early-season suppression of phorate- 
susceptible populations. Suppression with phorate reduces the number of foliar applications 
necessary to control Colorado potato beetle, thereby reducing the potential for development of 
pest resistance to chemical alternatives, such as the pyrethroids. Aldicarb provides the most 
effective control, but toxicological and environmental concerns resulted in a voluntary 
withdrawal from all states in 1989. The continuing availability of aldicarb is an important 
consideration in the impact assessment of phorate. If aldicarb were available for use on potato, 
the cancellation of phorate would have a small impact on the management of Colorado potato 
beetle infestations. Carbofuran and oxamyl are effective alternatives in control of susceptible 
Colorado potato beetle populations. However, carbofuran is currently in the Special Review 
process and oxamyl has a high potential for leaching, thus the future use of these alternatives 
is questionable. The soil-applied systemic organophosphate disulfoton does not generally 
provide economic suppression of Colorado potato beetle. Chemicals applied as foliar sprays 
provide the only alternative for Colorado potato beetle management should systemic 
insecticides no longer be available for use on potato. A wide range of chemicals applied as 
foliar sprays is available for control of susceptible Colorado potato beetle populations. 

However, extensive use of these chemicals rapidly leads to the development of pest resistance. 


Potato Leafhopper: Phorate is extremely effective in potato leafhopper control with systemic 
activity providing protection for 8-10 weeks (Longridge et a/., 1989). Equivalent systemic 
control of potato leafhopper is provided by disulfoton or the carbamate systemics (aldicarb, 
carbofuran). Systemic control of potato leafhopper reduces the need for foliar insecticides, to 
which other potato insect pests are likely to develop resistance. A wide range of foliar 
insecticides is available which provide good potato leafhopper control. 


Aphids: For the production of potato seed, phorate provides excellent aphid control with 
protection at or below threshold levels for 4 weeks in the northwest and for 8-10 weeks in the 
north-central and eastern production regions. Lower levels of protection are required in the 
production of table stock and processing potatoes. Equivalent systemic control is provided by 
disulfoton and aldicarb. Good control is provided by the foliar chemicals endosulfan and 
methamidophos, but their repeated use could lead to the development of pest resistance. 
Aphids rapidly develop resistance when exposed to repeated foliar sprays. Early-season 
applications of systemic chemicals are important because they reduce the need for foliar 
applications. 


Wireworms: Phorate provides good control or suppression of wireworms. The alternative 
systemic insecticides (disulfoton, carbofuran, and aldicarb) do not provide effective wireworm 
control. Broadcast applications of soil-applied insecticides such as fonofos and ethoprop: 
provide adequate control of wireworm. However, these chemicals do not provide systemic 
protection against other potato pests and they do significantly increase production costs. 
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Non-Chemical Management Alternatives 


Non-chemical alternatives can be used to reduce Colorado potato beetle population levels, 
but generally are not sufficient to provide economic control. Crop rotation delays and reduces 
the impact of Colorado potato beetle infestations (Lashomb and Ng, 1984). Biological control 
alternatives using parasites and predators for Colorado potato beetle control in potatoes are 
being developed but are not commercially available. New strains of Bacillus thuringiensis 
Berliner provide effective Colorado potato beetle control when they are directed against early 
instar larvae (Ferro and Gelerntner, 1989). The use of B. thuringiensis does not disrupt natural 
predation, which is important in some production areas. 


No effective non-chemical altematives exist for potato leafhopper control. 


Aphid populations are controlled by a broad range of naturally occurring parasites, predators 
and pathogens. However, these biological controls are rarely sufficient to reduce aphid 
populations to the extremely low levels required for potato seed production. Spatial or temporal 
isolation of seed potatoes is effective in delaying aphid infestations, but chemical control is 
required when infestation does occur. Two states (Idaho and Maine) have attempted to 
eliminate alternate hosts of aphids in an effort to reduce population levels (Storch, 1981). 


’ 


No effective biological controls exist for wireworms in potatoes. Crop rotations which do not 
include the host plants preferred by adult beetles for oviposition is one management alternative. 
However, the long life-cycle of wireworms reduces the effectiveness of crop rotation for the 
management of wireworm populations. 


Integrated Pest Management 


Integrated pest management strategies based on crop scouting, insect prediction, and 
economic thresholds are used extensively in potato production. A computer program for potato 
pest management and production has been developed for the midwest production region 
(Stevenson et a/., 1990). This program, called Potato Crop Management, is credited with 
saving midwest potato producers $800,000 per year on the 40,000 acres of potatoes where it 
has been used. 


Potential for Pest Resistance 


Insecticide resistance is a critical factor in the management of Colorado potato beetle 
populations. High levels of insecticide resistance among Colorado potato beetle populations in 
the northeast is a severe limitation to potato production (Forgash, 1985; Ferro, 1985). 
Insecticide resistance has recently been reported in Pennsylvania, North Carolina, Michigan, 
and Minnesota (Radcliff and Watrin, 1986; Graffius, 1988). It is highly probable that resistance 
will also develop in the north-central and northwestern production regions. Phorate does not 
provide effective control of insecticide resistant Colorado potato beetle, but it can play an 
important role in the management of resistance in susceptible populations and populations 
which have developed a low level of resistance (Johnson and Sandvol, 1986). 


Insecticide resistance is also extremely important in aphid populations. Because aphids 


develop resistance to foliar insecticides very rapidly, systemic insecticides such as phorate and 
disulfoton are important in aphid resistance management programs. 
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Summary 


Phorate is used extensively in two major potato production regions, the northwest and the 
north-central. In these regions, cancellation of phorate would significantly increase production 
costs and would increase the development of insecticide resistance among populations of two 
key insect pests: the Colorado potato beetle and aphid. Phorate is not widely used in the other 
production regions, generally because it does not control resistant populations of Colorado 
potato beetle. In those production regions, the cancellation of phorate would result in localized 
negative impacts, primarily due to greater difficulties in controlling wireworm populations. 


The development of high levels of insecticide resistance can have a severe impact the 
potato industry. Potato production in the eastern region has already been adversely affected by 
an increase in pest resistance to insecticides. Phorate is important in the management of pest 
resistance, particularly when only low levels of resistance have developed in pest populations. 


In the major production regions, the cancellation of phorate would lead to a significant 
increase in the application of foliar insecticides. A greater reliance on foliar application of 
insecticides would increase the potential for pesticide drift and toxicity to non-target organisms. 
On balance, the removal of phorate would result in negative environmental and economic 
impacts. 
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Phorate and Terbufos Use on Sorghum 


Allen E. Knutson 


Granular formulations of phorate and terbufos are applied to sorghum (Sorghum bicolor [L.] 
Moench) to control above ground and soil dwelling insect pests. These insecticides provide 
systemic protection from infestation by greenbug (Schizaphis graminum [Rondani]), corn leaf 
aphid (Rhopalosiphum maidis [Fitch]), yellow sugarcane aphid (Sipha flava [Forbes]), and 
chinch bug (Blissus leucopterus leucopterus [Say]). Terbufos is also labeled for control of the 
major sorghum soil dwelling pests: southern corn rootworm (Diabrotica undecimpuncta howardi 
[Barber]), wireworms (Eleodes spp. and Conoderus spp.), white grubs (Phyllophaga spp.), and 
plant parasitic nematodes. 


Registration Summary 


Phorate is registered for soil and foliar application. Terbufos is only registered for soil 
application. In-furrow applications are not recommended for either of these insecticides due to 
the potential for increased stand losses due to phytotoxicity. The recommended method of 
application of phorate and terbufos depends upon the target pest. Terbufos may be applied 
only once a year. Phorate may be applied at planting and again after plant emergence if 
necessary. 


The recommended application method for control of greenbug and corn leaf aphid is in a 5- 
to 7-inch band at the rate of 1 Ib ai/A (constant at all row spacings) over the row at planting or 
drilled into the soil directly below or to the side of the seed. This application can be made 
preplant when seed beds are formed (terbufos only) or at planting. 


Phorate can be applied to the base of plants for chinch bug control during cultivation so as 
to cover the granules with soil. Phorate is also labeled for broadcast application into plant 
whorls for control of greenbug and Banks grass mite (Oligonychus pratensis [Banks)). 
However, the 1991 phorate labels will no longer permit broadcast application to sorghum by air 
or ground equipment. 


Terbufos is applied in a row band for control of southern corn rootworms wireworms, white 
grubs, and nematodes. Terbufos is also registered (supplemental label) for a modified in-furrow 
application for early season greenbug control in Texas, Louisiana, Georgia, Alabama, 
Mississippi and Florida. Because terbufos is placed at the base of the plant during the modified 
in-furrow application, it also provides coincidental control of chinch bugs. 


Pest Infestation and Damage 


The economic importance and control of sorghum pests were reviewed by Young and 
Teetes (1977). Greenbug is the most important pest throughout the United States sorghum 
production region. Uncontrolled greenbug infestations kill sorghum leaves and reduce grain 
yields (Teetes and Johnson, 1973). Damaging greenbug infestations may develop anytime 
from the seedling stage to early grain development, but are dependant on weather conditions 
and the presence of natural enemies. Sorghum producers limit their use of granular 
insecticides due to the uncertainty of greenbug infestations developing, the added expense of 
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applying insecticides, and the need for special application equipment. In addition, the 
application of insecticides at-planting may not provide sufficient residual control of mid- and 
late-season greenbug infestations in some areas (e.g. Nebraska) (Wright et a/., 1990). Foliar 
insecticides applied as-needed are often more cost effective, but their use requires knowledge 
of economic thresholds and a commitment of labor for field scouting. Economic thresholds 
based upon greenbug density, crop injury, and crop growth stage have been developed to 
assess the need for foliar treatments (Wright et a/., 1990; Anonymous, 1990; Fuchs et al. 1988; 
Teetes et al., 1974). 


Corn leaf aphid rarely causes economic damage to grain sorghum; however, large numbers 
may kill seedling plants. Yield losses may occur when infestations persist during or after 
heading, particularly when coupled with severe drought stress (Anonymous, 1990; Wright et a/., 
1990; Almand et al/., 1969). 


Chinch bug seriously reduces sorghum stands and grain yield (Pfadt, 1978). Chinch bug 
feeds at the base of the plant and large numbers can quickly kill seedling sorghum (Wilde and 
Morgan, 1978). Chinch bug populations are highest during hot and dry weather, which 
exacerbates crop injury. Parker et al. (1989) reported a net return of $35.04 per acre when 
chinch bug was controlled with terbufos compared to the untreated check. 


Banks grass mite is a pest of sorghum in the southwestern United States during hot, dry 
weather. Application of insecticides significantly increases yields when Banks grass mite 
densities are high (Ward et al., 1972). 


The southern corn rootworm in an important pest in the upper Gulf Coast region of Texas, 
Alabama and Florida. Southern corn rootworm larvae tunnel into germinating seeds, roots and 
crowns of seedlings, resulting in reduced stands, delayed crop maturity, lodging, and lower 
yields. 


The red imported fire ant (Solenopsis invicta Buren) is an occasional pest in Texas. The red 
imported fire ant feeds on sorghum seeds and seedlings, and reduces stands. At-planting 
granular insecticides and seed treatments provide effective control (Drees, 1988). 


Wireworms, white grubs, lesser cornstalk borer (Elasmopalpus lignosellus [Zeller]), and 
nematodes are other soil dwelling pests which feed on roots and seedling plants. 


Pest Management 
Current Chemical Usage 


The results of the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 
survey indicate that granular insecticides are applied to 11.0 million acres of sorghum int1U.S 
states (Table 16). During the period 1985-89, an average of 21% (2.3 million acres) of the total 
United States acreage planted to sorghum was treated with granular insecticides. 


Phorate and terbufos were applied to 11% and 25% of treated acreage, respectively (Table 
16). Phorate is used in all the major sorghum producing states. The major usage of terbufos 
is in Texas, Kansas, Nebraska and Oklahoma. The relatively high usage of phorate in Texas is 
attributed to its efficacy, long residual action, and control of a broad spectrum of pests 
(greenbug, southern corn rootworm, chinch bug, yellow sugarcane aphid, and imported fire ant). 
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Table 16. Phorate, terbufos, and alternative chemical usage in United States 
sorghum production, 1985-892 


nee 


State and Area Area Total® % of 
chemical planted treated usage usage 
eR a i og 

(thousand acres) (%) (lb ai) 

Alabama LS 2 7500 100 
carbofuran ail 750 50 
chlorpyrifos 1 750 50 

California 29 8 Ze 100 
phorate 8 23820 100 

Colorado PAifak 4 10,840 100 
phorate i 73, HANG) Zs) 
terbufos il, 2TaO 25 
aldicarb il 27110 25 
carbofuran al Par, TKO) Zo 

Delaware 5 10 500 100 
carbofuran 10 500 100 

Florida 40 40 16,000 100 
terbufos 7 2,800 18 
carbofuran 8 3,200 10 
chlorpyrifos ZS 10,000 62 

Louisiana 100 43 43,000 100 
terbufos 3 3,000 7, 
carbofuran 40 40,000 93 

Kansas 4,100 23 947,000 100 
phorate 3} 123,000 ie} 
terbufos 3 123,000 13 
aldicarb al 41,000 4 
carbofuran 15 618,000 65 
disulfoton al 41,000 4 

Missouri 968 22 218,000 100 
phorate 2 19, 360 9 
carbofuran LS 145,200 68 
chlorpyrifos 5 48,400 23 
disulfoton ORS 4,840 2 

Nebraska il, Behe) 8 120,000 100 
terbufos 3 45,000 38 
phorate 5 75,000 62 

Oklahoma 478 4 19,120 100 
terbufos 3 14,340 gh) 
carbofuran 1 4,780 25 

Texas 3,390 28 969,540 100 
phorate il 33,900 3 
carbofuran 7 ZH, S00 aS) 
aldicarb OOS: 16,950 2 
fonophos al 33,900 3} 
chlorpyrifos a7, 237,500 24 
terbufos 12 406, 800 42 
disulfoton OF 37390 Ors 

U.S. Total‘ 127,290 


*Source: NAPIAP Phorate and Terbufos Surveys, 1990. 
“Application rate is 1 lb ai/A. 
“Source: USDA, 1988 and 1990. 
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It is estimated that sorghum yields would be reduced from 0% to 5% should phorate or 
terbufos usage be canceled (Table 17). Cancellation of phorate would increase the use of 
terbufos and carbofuran, cancellation of terbufos would increase the use of carbofuran, 
chlorpyrifos and phorate. Carbofuran and chlorpyrifos usage would increase proportionately 
should both terbufos and phorate be canceled. Because several chemical alternatives to 
phorate and terbufos are available, it is estimated that there would be a 0% to 10% yield 
reduction in sorghum yields should both chemicals be canceled (Table 17). Yield losses would 
be greater (1-13%) should all granular formulations be canceled, and would further increase, up 
to 16% if all at-planting insecticides were canceled. 


Table 17. Estimated sorghum yield reduction if the registrations of phorate, terbufos, 
and alternative insecticides are canceled? 





CESS SSeS enlienacyel Selle sat-Yelutekeslieyey (5) ale Sea Se 





All> Bie soti 

Phorate Terbufos Both granulars insecticides 

State unavailable unavailable unavailable unavailable unavailable 
Alabama 0 0 re) Zz 5 
California -- -- -- -- -- 
Colorado 0 0 0 0 0 
Delaware 0 fe) (e) 5 5 
Florida 0 0 0 -- -- 
Louisiana 0 0 0 5 LS 
Kansas 1 1 iz 10 Akal 
Missouri 0 0:35 0345 5 7 
Nebraska 5 5 10 uke} LS 
Oklahoma fe) 0 (6) al ED 
Texas 0 1 1 5 16 


*Source: NAPIAP Phorate and Terbufos Surveys, 1990. 
"Liquid formulations of carbofuran and disulfoton are labeled for at-planting application 
to sorghum. 


Chemical Alternatives for Pest Management 


Foliar insecticides provide an alternative to at-planting granular insecticides for control of 
chinch bug. Economic thresholds based on chinch bug density and crop growth stage make it 
possible to apply foliar insecticides on an as-needed basis (Fuchs et a/., 1988). However, 
because injury can occur before rescue sprays can be applied, systemic insecticides applied 
at-planting are recommended where chinch bugs are historically a problem (Anonymous, 1990). 
A two day delay in rescue treatment to control chinch bug infesting seedling (3-inch) sorghum 
resulted in an 80-90% stand reduction in Kansas (Anonymous, 1990). Because chinch bug 
may continue to migrate from alternate hosts (e.g. wheat) (Pfadt, 1978), it is generally 
necessary to apply foliar insecticides several times to obtain adequate control. Dimethoate, 
disulfoton, propargite and methidathion are registered for spider mite control on sorghum. 
Foliar applications of insecticides are not effective for rescue treatments to control southern 
corn rootworm (Fuchs, 1988). 


Carbofuran is labeled for control of southern corn rootworm, wireworm, white grubs, and 
nematodes and is an alternative to terbufos for control of these minor pests of sorghum. 
Planter box treatment with lindane may suppress low infestations of wireworms. 
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Non-Chemical Management Alternatives 


Crop rotation is not effective for controlling greenbug, corn leaf aphid, or southern corn 
rootworm since they are mobile and are able to infest sorghum once it is established. Chinch 
bug infestations can be reduced by not planting sorghum adjacent to wheat, which serves as 
overwintering hosts (Anonymous, 1990). Nearby wheat fields can be scouted to estimate the 
potential for chinch bug problems and the need for the application of systemic insecticides 
at-planting (Anonymous, 1990). Trap crops and barrier strips may reduce the migration of 
chinch bugs into sorghum fields (Anonymous, 1990). 


The use of sorghum varieties with resistance to greenbug is an important management 
practice for greenbug control on sorghum. Because resistance is expressed primarily as 
tolerance, foliar insecticides must be applied when infestations reach economic levels (Fuchs et 
al., 1988; Dixon et al., 1990). Significant levels of resistance to chinch bug and soil dwelling 
pests are not available in commercial sorghum hybrids. Some kafir sorghums may have some 
tolerance to mid-summer infestations of chinch bug (Anonymous, 1990; Meehan and Wilde, 
1989). 


Integrated Pest Management 


Systemic insecticides such as phorate and terbufos applied to sorghum at planting provide 
control of greenbug, yellow sugarcane aphid, and corn leaf aphid during the critical period of 
germination and seedling establishment. Terbufos also controls southern corn rootworms and 
chinch bugs, which are difficult or impossible to control with rescue treatments. Terbufos is 
widely used in the Gulf Coast states to control this pest complex because it is efficacious and it 
provides a broad spectrum of pest control. 


If systemic insecticides are not applied at planting, foliar insecticides can be applied when 
greenbug or other aphid infestations reach the economic threshold. However, optimum 
treatment timing may be prevented by adverse weather conditions and failure to monitor fields 
frequently. Sorghum resistance to greenbug is an important component of an IPM approach. 


Potential for Pest Resistance 


The use of at-planting insecticides like phorate and terbufos may increase selection pressure 
for resistance due to their longer residual activity relative to foliar applications. The potential for 
the development of resistance is relatively small because only a small percentage of sorghum 
acreage is treated. However, removal of phorate and terbufos would limit the number of 
chemicals available for use on sorghum, and would thereby increase the potential for the 
development of resistance. The potential for the development of pest resistance is reduced 
when classes of insecticides are alternated, and the cancellation of phorate and terbufos 
(organophosphates) would leave only carbofuran and aldicarb (carbamates) as control 
alternatives. 


Comparative Performance Evaluation 


One of the most important uses of terbufos on sorghum is to control chinch bug. Terbufos 
provides superior control relative to carbofuran in Texas and Louisiana (Parker et al., 1989; 
Negron and Riley, 1988). Carbofuran, chlorpyrifos and aldicarb are registered alternatives to 
phorate and terbufos for chinch bug control. Aldicarb is not commonly used due to its high cost 
and its greater potential for leaching into ground water. Chlorpyrifos has not provided 
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consistent control in some areas (e.g. Nebraska), while in other areas (e.g. Texas and 
Louisiana) it has out performed carbofuran for chinch bug control (Parker et a/., 1989; Negron 
and Riley, 1988). However, chlorpyrifos does not have the systemic activity that is necessary 
to control greenbug. For this reason, carbofuran is the best alternative to phorate and terbufos 
for control of chinch bug. 


Carbofuran, aldicarb and disulfoton are registered alternatives to phorate and terbufos that 
can be applied at-planting, providing systemic control of greenbug and com leaf aphid. These 
three insecticides are as efficacious as phorate and terbufos for greenbug control, except in 
areas where greenbug resistance to disulfoton has developed (Teetes et a/., 1975; Anonymous, 
1990). Carbofuran is commonly used for greenbug control because, unlike phorate, terbufos 
and disulfoton, it is not phytotoxic to sorghum seed and can be placed in the seed furrow. The 
ability to place this chemical in the seed furrow makes application easier and is an advantage 
during dry periods when there is insufficient moisture on the soil surface to activate insecticide 
granules. Aldicarb can also be placed in the seed furrow, but it is more expensive than the 
alternatives and it does not provide adequate control of southern corn rootworm. In Kansas, 
phorate has not provided consistent control of greenbug (Anonymous, 1990). 


Outlook for New Chemical and Non-Chemical Controls 


Very few new registrations of at-planting systemic insecticides for sorghum are expected. 
Tefluthrin was recently registered on corn and is reported to have activity against chinch bugs. 
However, it does not have the systemic activity necessary for control of greenbug. 


Summary 


In the 1990 NAPIAP Phorate Survey, the 11 major grain sorghum producing states reported 
that 21% of United States sorghum acreage is treated with a granular insecticide each year. 
Terbufos and phorate are used on approximately 598,000 and 255,000 acres per year, 
respectively. Terbufos usage is primarily in Texas, Kansas and Nebraska. Texas alone 
accounts for 71% of the sorghum acreage treated with terbufos. Terbufos is the granular 
insecticide of choice in Texas because of its efficacy against a broad spectrum of soil dwelling 
and seedling insect pests of sorghum. Phorate is used in most sorghum producing states and 
is one of the least expensive granular insecticides. Terbufos and phorate are used to control 
soil active pests and foliage feeding aphids. 


Carbofuran would be the primary alternative insecticide used by sorghum producers should 
the registrations of terbufos and phorate be canceled. However, the cancellation of carbofuran 
in addition to phorate and terbufos would significantly impact sorghum production since the 
alternative insecticides (chlorpyrifos, disulfoton and aldicarb) do not provide an equal spectrum 
of pest control. The estimated yield loss should the registrations of both terbufos and phorate 
be canceled is small (0-5%) but assumes alternative granular and emulsifiable concentrate 
formulations remain available. The estimated yield reduction should all granular formulations 
be canceled ranges from 1% to 10%. 


Granular insecticides incorporated into the soil are more effective for the control of soil active 
insect pests (southem corn rootworm, wireworm, chinch bug) than liquid formulations applied 
postemergence. Liquid formulations of several insecticides applied postemergence control 
foliage feeding aphids. 


58 


























es 
| wg vartto 1) atttw deaudert oa)  emnoe mi forietoe 


| . i >a nies 
i 1) lois oud fieefa tol nnwtodwd? canctian tub St 
i ar ton goo colrygraia awn! (CBOE y 
1 a oGuwtodhss Noonan ov! we So wWe#»h) 1 


gue noniets ny 


MI nS) GW MOkstwet hagibis. A 
| { 5 TTetive ft byy ? oring-& - 
ne | . + Bs Quick t 916 Bediniiog 
thinth of eonetles) QucneaD en 

neu YRIOMMoD ei nmutOdiae 

noma 101 a on 

beae ov ci legkmerty abt? On n 
I ; - T rah navi soak nD 
i * ¥ UE 4 oale ¢ ao GSD ‘ 

| aeeees yd ton ascd A One at 


| = 10 | > netlenco betve 9 an 
now be stoner WO 


| , lo ayn eri! > vert wart ot 
. ion! aaa Om 
| = 


a 
+ — 


ee 


- 


| etl yovwe eteneet? GAITAM O8GE Ie 

if pd omeets notes eames barely 

: a wit paau ove atctoria DAR 

‘ | bene ose 

itw b ou murignos ati ko APE Be 
. ag ta cor a8 
“i s2 el sic? snuttgroa !o stese) loge g 
1O°8 2 wing e whitey prises haped oF 

ehufiqe oniveat vgeilol tet ge 































7" | : aie rman owienete wienhe wi 9 eo 
- | Age ac { boWwones Yt strate has sofuMner 10% 

') dees ag MUas (Sew ViIhestinge Dindw rode? one off 

mir keeper ine ati (* suibie bein retold eelwyonoito) sobre 
giewnie Sane 2 iy) itt , andieizupe' hari adtol Dishy belarwnet wiT 
wen egos Steneiiasltes Ihiaby alban ) vin commueas fud Ww 2-0) Gere Bi 
anorsivynot lun & blue, Somer Dio heigeetee eT wideMEVE | BIT & " 
Or ot vr mot segner 























avis iO wines ert wh evilnggile aa ome Roe 23) Che OunePoaw ae 
hyo5 wuniety i tule crest? ind fe ta regeete AowMOC! Meco 
hss HASH an vj betece 2 nicer her v er pee eer oe 





Phorate Use on Soybean 


Darrell D. Hensley 


Soybean (Glycine max [L.] Merrill) production in the United States averaged 1.9 billion 
bushels on an average of 60.8 million acres from 1985-88. More than half (62%) of United 
States soybean acreage is located in 9 midwestern states (USDA 1989, 1990). The remaining 
soybean acreage is located in the southern and southeastern states. 


Registration Summary 


Phorate is labelled for application to soybean as an at-planting band treatment to control 
Mexican bean beetle (Epilachna varivestis Mulsant), leafhoppers (Cicidillidae), aphids 
(Aphididae), lygus bugs (Lygus spp.), thrips (Frankliniela spp.), spider mites (Eriophytes spp.), 
and seedcorn maggot (Delia platura [Meigen]). Application rates range from 0.9 to 1.9 oz ai 
per 1,000 ft of row (minimum spacing 30 in) for Mexican bean beetle and 0.9 to 1.4 oz ai per 
1,000 ft of row for other insects. 


Pest Infestation and Damage 


Several insect pests of soybean can have an economic impact on the crop. However, the 
only insect pests that granular insecticides are used to control are the seedcom maggot and 
thrips. Yield losses and economic injury levels caused by thrips infestations have not been 
established in Illinois (Inwin and Yeargan, 1980). Heavy infestations of thrips did not cause 
yield loss in Arkansas (Mueller and Lutrell, 1977). However, thrips may be the primary vector 
of tobacco ringspot virus, which causes significant yield reductions in soybean (Crittenden et al., 
1966). 


Pest Management 
Current Chemical Usage 


The results of the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 
pesticide use assessment survey indicate that phorate use on soybean is minimal (Table 18). 
Only six states reported phorate usage on soybean, accounting for less than 0.1% of United 
States soybean acreage. Soybean producers rarely apply phorate or other alternative granular 
insecticides as an at-planting treatment for control of seedcorn maggot and thrips. In the few 
cases where a granular insecticide is applied, aldicarb and carbofuran are the insecticides most 
often selected since they also have nematicidal properties. Seed treatment is a relatively 
inexpensive alternative treatment that is used in Minnesota for effective control of seedcorn 
maggot. 
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Non-Chemical Management Alternatives 


Soybean producers traditionally utilize crop rotation to control early season insect pests 
(Greene et al., 1985). Soybean is often rotated with corn, sorghum, or cotton to reduce insect 


populations. Insect pest populations may also be reduced by incorporating a fallow period into 
the crop rotation. 


Potential for Pest Resistance 


The potential for pest resistance to phorate is low due to the small amounts that are applied 


to soybean. Selection pressure for pest resistance is negligible when usage is minimal (Metcalf 
and Luckman, 1982). 


Table 18. Usage of phorate in United States soybean production, 
1985-897 


Area Area Area 

State planted treated treated 
(thousand acres) (%) (acres) 

Pennsylvania 225 1 ZnZoo 
Nebraska 2, 500 al 25,000 
North Carolina 1,500 i 15,000 
Florida 169 Tl 1,690 
Delaware 240 5) 12,000 
Minnesota 5,050 1 1,000 
UES. Total 60, 800 Onn 56,940 





*Source: NAPIAP Phorate Survey, 1990. 


Summary 


Granular insecticides such as phorate are applied to soybean as an at-planting prophylactic 
treatment to provide early-season control of seedcorn maggot and thrips. In the few cases 
where a granular insecticide is applied to soybean, aldicarb and carbofuran are preferred since 
they also have nematicidal properties. Because phorate usage on soybean is minimal, the 
cancellation of this insecticide would not have an economic impact on the soybean industry. 
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Phorate and Terbufos Use on Sugarbeet 


Hugh W. Homan and Susan P. Whitney 


In the United States, sugarbeet (Beta vulgaris L.) is primarily processed into beet sugar and 
molasses. A processing byproduct, beet pulp, is used as a high protein livestock feed. 
Sugarbeet is grown in 13 states, which average 1.2 million acres and 25.4 million tons of 
sugarbeet with an average yield of 20.6 tons per acre (USDA, 1990). At the current market 
Price of $38.79 per ton, the value of sugarbeet to producers exceeds $986 million. In addition, 
there is a significant benefit to local economies from sugarbeet processing. In Wyoming, 
sugarbeet processing provided 1,154 factory jobs with a payroll of $10.3 million in 1986, 
accounting for 6% of the non-farm jobs in three counties (USDA, 1989). Sugarbeet industries 
are considered to be essential to the economies of the communities in which they are located. 


Registration Summary 


Phorate is labeled for use on sugarbeet to control sugarbeet root maggot ( Tetanops 
myopaeformis [Roder]), aphids (Aphididae), leaf miners (Anthomyiidae), spider mites 
(Tetranychus spp.), and leafhoppers (Cicadellidae). Phorate can be injected with ground 
equipment at a rate of 4.5 oz of 20% granular per 1,000 ft of row or the granules can be placed 
in a band over the row. It can also be applied to the foliage when the plants are dry at a rate 
of 4.9 to 7.5 lb of 20% granules per acre. 


Terbufos is labeled for use on sugarbeet to control sugarbeet root maggot, wireworms 
(Elateridae), white grubs (Scarabaeidae), beet leafhopper (Circulifer tenellus [Baker]) and 
cutworms (Noctuidae), and to suppress cutworms and sugarbeet cyst nematode (Heterodera 
schachtii Schmidt). Terbufos can be applied at-planting modified in-furrow or banded at a rate 
of 4 to 8 oz of 15% granules per 1,000 ft of row for control of sugarbeet root maggot, 
wireworms, cutworms, or white grubs. Post-emergence applications can be banded at a rate of 
8 oz per 1,000 ft of row. For the control of beet leafhoppers and for the suppression of 
sugarbeet cyst nematode terbufos can be knifed-in at a rate of 18 oz per 1,000 ft of row. 


Pest Infestation and Damage 


The sugarbeet root maggot causes injury and death to developing beets, deformity of mature 
beets, and yield loss. Infestation by sugarbeet root maggot is a problem throughout the upper- 
midwest and the Rocky Mountain region of the United States. Damage by sugarbeet root 
maggot is commonly at economically damaging levels in these production regions. In North 
Dakota, sugarbeet root maggot infestation reduces sugarbeet yield 50% when chemical controls 
are not used (A. Anderson, North Dakota State University, personal communication). 


Several species of wireworms destroy sugarbeet seed before it germinates or damage the 
roots of developing sugarbeet. The beet leafhopper is the only known vector of the virus that 
causes curly top disease. Curly top disease causes stunting and death of sugarbeet. 


White grubs are pests of sugarbeet grown in sandy soils previously used for production of a 


grass crop. Damage to sugarbeet is caused by the larval stage, which damage the below- 
ground portions of the plant. Damage from white grub is more severe during a drought period, 
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but yield is reduced even when adequate moisture is present. Damage to the root system also 
increases damage by secondary pathogens, which gain entry through damaged tissue. 


Cutworms damage sugarbeet early in the season. Treatment with terbufos is effective if it 
coincides with the occurrence of cutworms. Cutworms, when plentiful, cut off the small 
sugarbeet plant at ground level, thus killing the plant. Clean cultivation when the adult moths 
are ovipositing will prevent egg laying. 


Sugarbeet cyst nematode infestation causes the production of numerous rootlets from the 
sugarbeet, resulting in significant reductions in yield and sugar content. Heavy infestations can 
result in total loss of the crop. 


Leaf miners burrow inside sugarbeet leaves and feed on leaf tissue. Chemical control of this 
insect is not normally necessary. 


Infestation by aphids injures sugarbeet in two ways: 1) direct feeding, which causes plants to 
wilt, and 2) transmission of virus diseases such as beet yellows, western beet yellows, lettuce 
infectious yellows, beet yellow net, cucumber mosaic, and beet mosaic. The green peach 
aphid (Myzus persicae [Sulzer]) is the principle vector (Dunning and Byford, 1982). 


Pest Management 
Current Chemical Usage 


Far West Region: California 


Sugarbeet production in California accounts for 17% of total United States production. The 
primary insect pests in this production region are the green peach aphid, bean aphid and 
leafhoppers. Granular insecticides are applied to approximately 20% of sugarbeet acreage in 
California. Phorate is used on 70% of the acreage that is treated. Terbufos is not used in 
California sugarbeet production. Foliar applications of insecticides during the growing season 
account for 80% of insecticide usage on California sugarbeet. If the registration of phorate was 
canceled, it would be replaced by foliar applications of chlorpyrifos, methomyl, parathion, 
endosulfon, oxydemeton-methyl, and diazinon. 


North-Central Irrigated Region: Montana, Idaho, Colorado, Wyoming, and Nebraska 


Sugarbeet production in this region is in a rotational sequence on irrigated lands. This 
region accounts for 49% of sugarbeet production in the United States. The primary pest is the 
sugarbeet root maggot. Insects that cause occasional losses are flea beetle, wireworms, 
sugarbeet webworm, and beet leafhoppers. Phorate usage in this region ranges from 5% of 
total sugarbeet acreage in Idaho to no usage in Montana. If the registration of phorate were 
canceled, the impact on the sugarbeet industry would be small since its usage is so low in this 
region. Terbufos has a larger share of the market in this region. Terbufos is applied to 40% 
and 35% of sugarbeet acreage in Montana and Idaho, respectively. Sugarbeet root maggot is 
the primary pest in both of these states. In Colorado and Wyoming, terbufos is used on 
approximately 5% of total sugarbeet acreage. 
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North-Central Dryland Region: Minnesota, North Dakota, Michigan, and Ohio 


Sugarbeet root maggot and wireworms are the principle insect pests of sugarbeet in 
Minnesota and North Dakota. Terbufos is the most important insecticide used on sugarbeet in 
these states since it effectively controls the two primary insect pests. Wireworm damage is 
usually spotty, but yield losses can exceed 50% in some cases. Chlorpyrifos and aldicarb are 
generally quite effective on sugarbeet root maggot, but they provide inadequate control of 
wireworms. In Ohio and Michigan the principle pests are blister beetles, flea beetle, aphids, 
and leaf miners. Since the principle insect pests in Ohio and Michigan are above ground pests, 
adequate control is obtained with topical foliar sprays. Granular insecticides are used rarely in 
Michigan (less than 1% of total acreage is treated) and not at all in Ohio. Terbufos is essential 
to sugarbeet producers in North Dakota and Minnesota. There are no effective alternative 
chemicals for wireworm control and wireworms are a widespread problem in both states. The 
cancellation of both terbufos and phorate would cause serious production problems in North 
Dakota and Minnesota. Of the alternative chemicals (fonofos, diazinon, and carbofuran) only 
fonofos could replace terbufos, but planting equipment would have to be modified to 
accommodate this product. 


South-West Region: Texas, New Mexico, and Arizona 


Texas was the only state in this region that reported usage of granular insecticides. The 
primary insect pest targeted with granular insecticides is sugarbeet leafhopper. Phorate is used 
on 30% of Texas sugarbeet acreage; terbufos is not used. If the registration of phorate were 
canceled, carbofuran would be used on 80% of the acreage presently treated with phorate. 


Non-Chemical Management Alternatives 


Crop Rotation and Cultural Management: The effectiveness of crop rotation is reduced 
because the adult sugarbeet root maggot can fly up to five miles to find a sugarbeet field. The 
effectiveness of crop rotation is also reduced because 1) most rotational crops are also hosts of 
wireworms, and 2) the 3 to 7 year life cycle of wireworms makes it possible to raise sugarbeet 
(and other root crops) only every 6 to 8 years. Crop rotation is fairly effective for control of 
white grubs, although this insect has a three year life cycle. Control of white grubs can also be 
improved if fields are plowed in the fall before the grubs migrate to the lower depths of the soil 
profile. Fall plowing exposes white grubs to many parasites and predators. Crop rotation does 
not work well for sugarbeet cyst nematode because lambsquarter, a common weed, is also a 
host of the nematode. Wireworm infestations can be reduced by plowing fields in July prior to 
planting sugarbeet and then deep clean-cultivating through September (USDA, 1954), but these 
procedures are not practical because they are labor and energy intensive and crops cannot be 
grown in the field for one season. Corn can be used as a trap crop for wireworms (USDA, 
1954). Reinfestation of fields by sugarbeet cyst nematode is minimized by not returning the 
tare to the field. This practice is followed by all producers. Even when chemical controls are 
available, sugarbeet should not be planted on land that is heavily infested with wireworms 
because sugarbeet production is not economically feasible under these conditions. 


Host Plant Resistance: There is no host plant resistance to the sugarbeet root maggot. 
There are sugarbeet varieties with resistance to the virus causing curly top disease (Douglas 
and Cook, 1954), but the low yield of these varieties has limited their use by producers. In 
addition, the resistance of these varieties does not hold during dry years. Beet leafhopper can 
be successfully controlled with resistant varieties. However, chemical treatment is required 
when beet leafhopper populations are high (Douglas and Cook, 1954). 
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Integrated Pest Management 


Integrated pest management (IPM) is not widely used to manage sugarbeet root maggot 
populations on sugarbeet. When an IPM program is used, granular insecticides are not applied 
at planting. Adult fly populations are monitored with sticky stakes. When 35 to 45 flies per 
stake are found between May 1 and June 1, a granular insecticide (phorate, terbufos, aldicarb, 
carbofuran) is applied as a band treatment (Bechinski et a/., 1989; Bechinski et a/., 1990). 
Peak fly emergence can be predicted with a growing-degree day model. The biggest problem 
with an IPM approach to pest management is that weather conditions may not permit the 
producer to apply the band treatment of insecticides. Producers do not want to risk losing a 
$1200 per acre crop because they did not apply a preventative soil insecticide at planting (cost 
of insecticide approximately $20 per acre). 


Potential for Pest Resistance 


There is not a significant potential for the development of pest resistance, except with aphids 
in California. 


Summary 


The cancellation of phorate and terbufos will have little impact on sugarbeet production as 
long as aldicarb remains as an altemative insecticide. If the registration of terbufos is canceled, 
sugarbeet producers in Minnesota and North Dakota will have to apply an extra insecticide 
treatment with a chemical such as dyfonate for wireworm control. This added treatment will 
require an extra trip through the field with application equipment, thereby increasing energy 
costs, reducing soil moisture, and placing extra stress on the crop. 
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Phorate Use on Sugarcane 


Don W. Dickson 


In the United States, sugarcane (Saccharum officinarum L.) is a perennial crop that is grown 
commercially in Florida, Louisiana, Hawaii, Texas and the Commonwealth of Puerto Rico. An 
average of 877,350 acres of sugarcane was grown in the United States and Puerto Rico during 
the past 4 years (1985-89) (USDA, 1990). Sugarcane production in Florida accounted for 48% 
(417,500 acres) of United States production during the past four years. Because sugarcane is 
a three year perennial crop in Florida, only 135,000 acres (32%) is planted each year. The 
average yield of the planted and ratoon sugarcane crops is 32 tons per acre. 


Sugarcane is grown from one-year old sugarcane stalks (seed cane) that are planted during 
the fall and winter months of the year. The stalks are cut into seed pieces and placed manually 
in a 15 inch wide x 4-8 inch deep seed furrow. The seed pieces are then treated with a soil 
insecticide and covered with 3 to 6 inches of soil. 


Registration Summary 


Phorate is registered for use in controlling corn wireworm (Melanotus communis Gyllenhal) 
in sugarcane seed cane plant sites at the rate of 3.9 lb ai/acre. The 20 G formulation is used 
almost exclusively in the Glades region of Florida. Florida is the only state in which phorate is 
registered for use on sugarcane. The granules are applied immediately before covering in a 
10- to 12-inch band directly on seed pieces and the soil in the furrow (ca. 15 inches wide x 4-8 
inches deep). 


Pest Infestation and Damage 


Corn wireworm is the most widespread and damaging soilborne pest on sugarcane in the 
Glades region of Florida (R.H. Cherry, University of Florida, personal communication). 
Infestation by corn wireworm occurs in both muck and sand soils, making necessary the 
application of a soil insecticide to all soil types before planting of sugarcane. Corn wireworm 
damages the eyes, lateral shoots, and young shoots of plant cane, therefore protection from 
infestation is needed until the plant is established. The damage threshold for stand reduction is 
three corn wirewornv5 row ft during plant cane germination (Hall, 1985). Corn wireworm 
infestation reduces cane stands by approximately 6% during 3 months of growth for each 
wireworm per 5 row ft. Sugarcane yield is reduced by 3.8% for each wireworm per 5 row ft 
(Hall, 1989). 


Pest Management 


Current Chemical Usage 


Soil insecticides are applied to sugarcane at planting, which occurs every three to five years. 
The results of the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 
pesticide use assessment survey indicate that each year approximately 128,250 acres (95%) of 
seed cane is treated with soil insecticides in Florida (Table 19). Phorate is used on 
approximately 81,000 acres (60%) of seed cane each year in Florida, the only state where it is 
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registered for use on sugarcane. Usage of soil insecticides is centered in the Glades region of 
Florida, primarily south of Lake Okeechobee in the counties of Palm Beach, Hendry, Glades 


and Martin. The amount of phorate used on sugarcane appears to be a result of tradition and 
competitive pricing. 


Sugarcane production in Florida is controlled by approximately 30 producers, some of whom 
farm large tracts of land. Thus, a shift by one or two of the large producers results in a radical 
change in the use pattern of soil insecticides. The Florida Insect Control Guide (Johnson et al., 
1990) lists carbofuran, diazinon, ethoprop, ethyl parathion, fonofos, and phorate for wireworm 
control on sugarcane. Comparative efficacy data are not available for these six chemicals. 
However, each of the chemical alternatives provides effective control of corn wireworm (R.H. 
Cherry and F.J. Coale, University of Florida, personal communications). Contact toxicity studies 
indicate that all the chemicals are toxic to corn wireworm, but ethyl parathion has significantly 
greater toxicity; diazinon was not tested (Hall and Cherry, 1985). Sugarcane is produced on 
muck soils that are high in organic matter. Soil insecticides are bound tightly to the organic 
matter in this soil, thereby reducing the potential for leaching and run-off. 


Non-Chemical Management Alternatives 


Periodic flooding-fallowing for a 30 day period is an effective management alternative 
(Walker, 1968; Genung, 1970). However, the growing demand for water in south Florida may 
limit the use of this practice by growers. Water use restrictions were enforced in the Glades 
region by the South Florida Water Management District in 1989. 


Corn wireworm densities can be effectively reduced by rotating sugarcane with paddy rice 
(F.J. Coale, University of Florida, personal communication). The rice crop is planted after the 
last harvest of sugarcane (stubble cane) in January. Sugarcane can be planted the following 
October, as is customary, but soil insecticides do not have to be applied. 


Potential for Pest Resistance 


There is a potential for corn wireworm resistance to soil insecticides, but resistance has not 
developed during the nearly 30 years that phorate has been used in sugarcane production 
(Jansson et al., 1988). Resistance to phorate may have been avoided because corn wireworm 
populations are only exposed to the chemical once during a three to five year period. 


Economic Impacts 


Corn wireworm is widespread in all the areas where sugarcane is grown in Florida. It is 
projected that when plant cane is not treated with soil insecticide there is a yield loss of 
approximately 10% in the first harvest (Coale and Sosa, 1990). The yield of the ratoon crop 
may also be reduced when soil insecticides are not applied at planting (F.J. Coale, University of 
Florida, personal communication). Sugarcane quality is not measurably affected by wireworms 
(Coale and Sosa, 1990). With a projected 135,000 acres of replant cane and an average yield 
per acre of 32 tons, a 10% reduction in yield would amount to a loss of 432,000 tons of 
sugarcane. At the current price of $22/ton, the loss of all soil insecticides would cost the 
sugarcane industry approximately $9.5 million per year. 


The cancellation of phorate would have a small impact on sugarcane producers since there 
are six soil insecticides registered for control of corn wireworm. Because the alternative 
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chemicals provide good control at a competitive price, producers can easily shift to one of the 
alternatives. The price of ethyl parathion is much lower than the price of phorate, yet it is only 
used on 5% of plant cane acreage (Table 20). However, two of the altemative chemicals 
(carbofuran and ethyl parathion) are under Special Review. Should several of the chemicals 
currently registered for control of corn wireworm be canceled, there would be a serious impact 
on sugarcane production in the United States. 


Summary 


Phorate is applied at planting to 60% of sugarcane acreage in Florida. On a national basis, 
approximately 30% of United States sugarcane is treated with phorate at planting. Phorate 
provides effective control of the com wireworm, which is a serious insect pest of sugarcane. 
Phorate has an established use pattern on plant cane and is reasonable in cost. Approximately 
316,000 Ib ai of phorate are applied to sugarcane each year in Florida. There are five 
alternative chemicals registered for use on sugarcane, and research data indicate that they 
provide similar control to that provided by phorate. However, two of the alternatives, ethyl 
parathion and carbofuran, are currently under Special Review. Two of the remaining 
chemicals, diazinon and fonofos, are not currently used by sugarcane producers, but usage of 
these alternatives would probably increase should the other alternatives be canceled. 


There are non-chemical management alternatives available to sugarcane producers. 
Flooding provides good control of corn wireworm, but recent water management regulations in 
southern Florida may restrict the use of this practice by sugarcane producers. Rotation of 
sugarcane with paddy rice also provides good control of corn wireworm, however this practice 
is only feasible if the rice crop can be produced profitably. 
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Phorate Use on Wheat 


Gary L. Jensen 


Small grains are grown in virtually every state in the United States, but production statistics 
are available only for wheat, the most important of the small grains (USDA, 1989). Not 
included in the national statistics are the six New England states, Alaska, and Hawaii. The top 
five wheat producing states (in decreasing order) are Kansas, North Dakota, Montana, 
Oklahoma and Texas. The average United States wheat production from 1986-87 was two 
billion bushels per year. Statistics for barley production are available for 28 states, with United 
States production concentrated in the North-Central and Northwest (USDA, 1989). The 
principle barley producing states (in decreasing order) are North Dakota, Montana, Idaho, 
Minnesota, Washington and South Dakota. The average United States barley production from 
1986-87 was six million bushels per year. Average oat production is similar to barley; however, 
the primarily producers (in descending order) are South Dakota, Montana, Wisconsin, lowa and 
North Dakota (USDA, 1989). 


Registration Summary 


Phorate is labeled for use on wheat to control aphids, grasshoppers, and Hessian fly 
(Mayetiola destructor [Say]). Phorate can be applied in the seed furrow at planting at a rate of 
0.24 oz ai (1.6 0z 15% or 1.2 oz 20%) per 1,000 ft of row with any row spacing (minimum 8- 
inch spacing). Phorate can be broadcast evenly over the field at a rate of 0.98 Ib ai (4.9 Ib 
20%) per acre with air or ground equipment to control aphids. Only one broadcast application 
can be made per season. 


Pest Infestation and Damage 


In the west and midwest, where the heaviest concentration of small grains are produced, 
grasshoppers and aphids are the primary target insects for treatment with phorate. Damage 
from aphids results primarily from the Russian wheat aphid (Diuraphis noxia [Mordvilko]) and 
greenbug (Schizaphis graminum [Rondani]). The Russian wheat aphid, which is now found in 
15 states, can reduce yields by up to 70% (Pfadt, 1985). 


Greenbugs are very destructive insect pests of small grains in the Great Plains region (Pfact, 
1985). Large populations of greenbugs can cause total loss of both winter and spring wheat 
(Pfadt, 1985). Grasshoppers do not cause significant damage to small grains most years, but 
they occasionally damage entire fields. Grasshopper populations of 25 to 75 per yd* may 
completely destroy all vegetation (Pfadt, 1985). 


In Florida and Alabama, the Hessian fly is the primary target pest for applications of phorate. 
Wheat infested by Hessian fly larvae may not survive the winter, or yields may be reduced by 
25% to 30% (Pfadt, 1985). Phorate is used to control Hessian flies and grasshoppers in 
Missouri. 
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Pest Management 


Current Chemical Usage 


The results of the National Agricultural Pesticide Impact Assessment Program (NAPIAP) 
Phorate Survey indicate that phorate is not used in the large small grain producing states and 
many other key small grain producing states (Nebraska, California, Idaho, Oregon). With 
exception of Florida, no state reported phorate usage on more than 6% of small grain acreage 
(Table 21). The cancellation of the registration of phorate would not have a Significant effect on 
small grain production in most states, but the impact would be greater in states that use this 
insecticide for broad spectrum insect control (Idaho, Oregon and Washington). In South Dakota 
and Montana, phorate is important for control of grasshoppers during years with severe 
infestations (G. Johnson, Montana State University and H. Homan University of Idaho, personal 
communications). The alternative insecticides that would replace phorate are disulfoton and 
carbofuran. Carbofuran and disulfoton are equally efficacious, but are more expensive than 
phorate. However, these alternatives are slightly more hazardous to applicators and the 
environment. 


Table 21. Phorate usage for United States wheat production? 








Area Area 
State harvested treated 

(acres) (%) 

Alabama 252,000 5 

California 634,000 3 

Colorado 2,977,500 <1 

Florida 108,000 20 

Idaho 1,395,000 4 

Missouri ib ado yi KG) 6) 0X0) 3) 

Montana 5,075,000 6 

Oregon 1,000), .833 4 

Wyoming 300,000 <1 
Giese Total” Wa 231000 


*Source: NAPIAP Phorate Survey, 1990. 
®Source: USDA, 1988 and 1990. 


Non-Chemical Management Alternatives 


Resistant varieties and mechanical controls (e.g. elimination of alternate hosts) can be used 
with limited success as an alternative control of grasshoppers and Russian wheat aphid. 
Planting times can be altered to avoid peak infestations of insects such as the Russian wheat 
aphid, which can be a serious pest of early planted winter wheat. Grasshopper infestations can 
be reduced by planting spring wheat earlier, so that grasshoppers do not have time to reach 
the most damaging stage in their lifecycle (third instar stage) (G. Johnson, Montana State 
University, personal communication). Trap strips have been used effectively for grasshopper 
control in Montana (R. Ashley, Cooperative Extension Service, personal communication). Trap 
strips of barley are planted around wheat fields if early scouting indicates a large population of 
grasshoppers. The barley strips are treated with a systemic insecticide at planting so that 
grasshoppers that feed on the barley are killed. Migrations of grasshoppers are reduced for 
some time by these insecticide treated trap strips. Once the systemic pesticides are no longer 
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effective, foliar sprays can be used to control the grasshoppers that are still attracted to the 
strips. 


Resistant wheat varieties are used to a limited extent in the southern and southeastern 
States to reduce damage by Hessian fly. Planting free dates cannot be used in southern 
Georgia or in Florida because the Hessian fly has multiple generations (W. Gardner, Georgia 
Agricultural Experiment Station, personal communication). 


Integrated Pest Management 


Integrated Pest Management (IPM) has been used in small grains production for ten years in 
Montana (G. Jensen, Montana State University, personal communication). Scouting is used as 
a means to educate producers about pest population impacts on small grains production and to 
minimize applications of insecticides for pest control (Cooperative Extension Service, 1985). 


Potential for Pest Resistance 


Total dependency on a limited number of insecticides to control insects always increases the 
potential for the development of pest resistance. Therefore the loss of phorate would increase 


the potential for pest resistance to develop, particularly among populations of aphids and 
Hessian fly. 


Summary 


The cancellation of the phorate registration would have little or no impact on small grains 
production in some states, but would have a major impact in others. Wheat production in the 
southeastern United States would be impacted most by the cancellation of phorate. Alternative 
insecticides provide adequate control in some cases, but their use in other situations would 
result in small yield reductions. The cancellation of phorate would hamper grasshopper control 
in some northwestern states (Washington, Oregon, Idaho, Montana) during years with severe 
infestations. The potential for the development of pest resistance is not a major concern should 
the registration of phorate be canceled. 
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Economic Impacts Associated with the 
Discontinued Use of Phorate and Terbufos 


Craig D. Osteen and Joe F. Guenthner 


Methodology 


Estimates of phorate and terbufos usage and the economic impacts which would result should 
their registrations be canceled have been developed based upon the 1990 National Pesticide 
Impact Assessment Program (NAPIAP) Phorate and Terbufos Surveys. Economic impacts were 
calculated from estimates of: 1) current usage of the granular insecticides, 2) alternative usage of 
granular insecticides should the registrations of one or both phorate and terbufos be canceled, 
and 3) the per-acre cost change associated with the use of these alternative granular insecticides. 
Economic impacts include changes in crop prices, output and producer income; consumer 
impacts; and net economic impact. Net economic impact is the sum of consumer impacts and the 
change in net producer revenue computed at the farm level. Net economic impact is a measure 
of the efficiency impact caused by the cancellation of a pesticide registration. Consumer impact is 
an approximation of the change in consumer surplus, which accounts for the effects of changes in 
prices and quantities consumed. The approximation assumes a linear demand function. The 
estimates of economic impacts presented in this report are valid only in the short-run since they 
do not take into account acreage adjustments in response to price, yield and cost changes. The 
economic parameters that where used in this analysis were computed as follows: 


* Change in farm-level commodity price: N = Y(A/100)/E 


where N = change in farm-level commodity price (%) 
Y = yield reduction per treated acre (%) 
A, = acres treated with the assessed pesticide (%) 
E = price elasticity of demand (% a quantity/% a price) 


* Total change in production cost: C = D(A/100)(A,) 


where C = total change in production cost ($) 
D = change in production cost per treated acre ($/A) 
A, = acres treated with the assessed pesticide (%) 
A, = number of acres planted 


¢ Consumer Impact: Cl = (P,-P,)(Q,+Q,)/2 


where Cl = consumer impact ($) 
P, = average market price before assessed pesticide is canceled ($/unit) 
P, = P,(1+N/100) 

N = change in farm-level commodity price (%) 

Q, = commodity production before assessed pesticide is canceled (Ib/unit) 

Q, = Q,[1-(Y¥/100)(A/100)} 

= commodity production after assessed pesticide is canceled 
Y = yield reduction per treated acre (%) 
A, = acres treated with the assessed pesticide (%) 
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* Change in Net Producer Revenue: CR = (P,Q,)-(P,Q,)-C 


where CR = change in net producer revenue ($) 
P, = average market price before assessed pesticide is canceled ($/unit) 
Q, = commodity production before assessed pesticide is canceled ($/unit) 
P, = P,(1+N/100) 
N = change in farm-level commodity price (%) 
Q, = Q,[1-(¥/100)(A/100)} 
Y = yield reduction per treated acre (%) 
A, = acres treated with the assessed pesticide (%) 
C = change in production cost ($) 


The change in commodity program deficiency payments that occur as a result of price changes 
are approximated by M(P.-P,)Q,, where M is the proportion of crop acreage in the commodity 
program. Commodity program deficiency payments computed with this formula are overestimates 
because they are based on estimates of farm program yields that are generally lower than actual 
yields. Because commodity program deficiency payments are transfers from taxpayers to 
commodity producers, a change in deficiency payments affects producer income but does not 
alter the net economic impact caused by the cancellation of the assessed pesticide. 


Estimated Economic Impacts 


Beans: Phorate is applied to approximately 2% of United States dry bean acreage, accounting 
for 23,000 Ib ai of annual usage (Table 22). Bean yields would not be reduced since the 
alternative insecticides provide effective control of insect pests. However, treatment costs would 
increase about $10 per acre on the acreage currently treated with phorate (Table 24). Dry bean 
producers would lose $235,000 per year should phorate be canceled (Table 25). Phorate is 
applied to approximately 12% of United States snap bean acreage, accounting for 26,000 Ib ai of 
annual usage (Table 22). Snap bean producers would use disulfoton or dimethoate should 
phorate be canceled. Snap bean yields would not be affected, but treatment costs would increase 
about $3 per acre on the acreage currently treated with phorate (Table 24). As a result, snap 
bean producers would lose about $90,000 per year (Table 25). 


Corn: Phorate is applied to approximately 2.2 million acres (3%) of corn in the United States 
(Table 22). Corn yields would decline less than 1% and production costs would increase about 
$3 per acre on acreage currently treated with phorate (Table 24). Market price would not be 
significantly affected by the cancellation of phorate. The use of the chemical alternatives would 
increase treatment costs about $5 per treated acre, resulting in a loss to corn producers of 
approximately $10 million per year (Table 25). 


Terbufos is applied to approximately 9.8 million acres (15%) of corn in the United States (Table 
23). Corn yields would be reduced by about 5% and treatment costs would increase slightly 
should terbufos no longer be available for pest control (Table 26). It is estimated that corn prices 
would increase less than 2% (Table 27). The cancellation of terbufos would result in a $131 
million increase in corn producer revenues, however an increase in the price of corn will reduce 
government deficiency payments by $206 million (assuming 1985-89 average production and 
prices, and program participation of 82.4%). As a result, corn producers would realize a loss of 
$75 million after the payment reduction is considered. The cost to corn consumers world be 
$249 million per year. The overall net economic impact (sum of consumer and producer impacts) 
caused by the cancellation of terbufos would be a loss of $118 million (Table 27). Since the 
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change in commodity program payments is a transfer between producers and taxpayers, it does 
not affect the net economic impact. 


If both phorate and terbufos are canceled, corn yields will be reduced an average of 5% and 
production costs will increase about $0.15 per acre on the 12 millions acres (18%) of United 
States corn treated with these two insecticides (Table 28). The cancellation of phorate and 
terbufos would result in a $138 million increase in producer revenues, however an increase in the 
price of corn would reduce government deficiency payments by $236 million. As a result, corn 
producers would realize a loss of $98 million after the payment reduction is considered. The cost 
to corn consumers would be $284 million per year. The net economic impact (sum of producer 
and consumer impacts) caused by the cancellation of phorate and terbufos would be a loss of 
$146 million (Table 29). 


The economic impact should the registrations of terbufos or both terbufos and phorate be 
canceled would be a loss of $12 per treated acre on acreage under the commodity program, a 
loss of $8 per treated acre on acreage not under the commodity program, and a gain of $4 per 
untreated acre on acreage not under the commodity program. 


Cotton: Phorate is applied to approximately 410,000 acres (4%) of cotton in the United States 
(Table 22). On cotton acreage currently treated with phorate, yields would increase by 3% and 
production costs would increase $6 per treated acre should phorate be canceled (Table 24). The 
net economic impact caused by the cancellation of phorate would be a gain of $2.3 million dollars 
(Table 25). 


Peanut: Phorate is applied to approximately 160,000 acres (10%) of peanut in the United 
States (Table 22). Peanut yields will increase slightly on acreage treated with alternative 
insecticides, but production costs will increase nearly $6 per acre (Table 24). The net economic 
impact caused by the cancellation of phorate would be a net loss of $660,000 (Table 25). 


Potato: Phorate is applied to approximately 511,000 acres (40%) of potato in the United 
States (Table 22). Phorate usage has increased significantly since 1988, when it was applied to 
16% of potato acreage. Phorate has replaced aldicarb on much of the potato acreage formally 
treated with aldicarb. Aldicarb was voluntarily withdrawn by the registrant in 1990. Yield losses 
may reach 10% in several states (Michigan, Ohio and Montana), but the average yield loss would 
be less than 1 percent on treated acreage (Table 24). The use of the chemical alternatives would 
increase treatment costs about $12 per treated acre. The net economic impact caused by the 
cancellation of phorate would be a net loss of $8.6 million (Table 25). 





Sorghum: Phorate and terbufos are applied to approximately 295,000 (2%) and 651,000 (5%) 
acres, respectively, of sorghum in the United States (Tables 22 and 23). Sorghum yields would 
decline about 2% and production costs would increase about $3 per treated acre if phorate were 
canceled (Table 24). The economic impact caused by the cancellation of phorate would be a net 
loss of $1.5 million (Table 25). If the registration of terbufos were canceled, the yields of treated 
sorghum acreage would decline 1% and production costs would decline more than $1 per acre 
(Table 26). The economic impact caused by the cancellation of terbufos would be a net loss of 
$165,000 (Table 27). 


If the registrations of both phorate and terbufos are canceled, sorghum yields on treated 
acreage would be reduced by 2% percent and production costs would increase less than $1 per 
treated acre (Table 28). The overall economic impact caused by the cancellation of both phorate 
and terbufos would be a net loss of $2.3 million (Table 29). 
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Soybean: Phorate is applied to approximately 59,000 acres (0.1%) of soybean in the United 
States (Table 22). The net economic impact caused by the cancellation of phorate would be 
negligible (Table 25). 


Sugarbeet: Phorate and terbufos are applied to approximately 47,000 (4%) and terbufos is 
applied to 298,000 (24%) acres of sugarbeet in the United States (Tables 22 and 23). Sugarbeet 
yields on treated acreage would decline 1% and production costs would increase $23 per treated 
acre if phorate were canceled (Table 24). The economic impact caused by the cancellation of 
phorate would be a net loss of $1.4 million (Table 25). If the registration of terbufos were 
canceled, the yields of treated sugarbeet acreage would decline about 2% and production costs 
would increase $13 per treated acre (Table 26). It is estimated that sugarbeet prices would 
increase 2%, assuming that sugar import quotas do not change (Table 27). As a result, the 
cancellation of terbufos would cost consumers $20 million, but sugarbeet producers would gain 
$11.2 million per year (Table 27). The economic impact caused by the cancellation of terbufos 
would be a net loss of $8.8 million. 


If the registrations of both phorate and terbufos are canceled, sugarbeet yields would be 
reduced more than 2% and production costs would increase more than $15 per acre on treated 
acreage (Table 28). It is estimated that sugarbeet prices would increase 3% percent, assuming 
that sugar import quotas do not change (Table 29). As a result, the cancellation of both phorate 
and terbufos would cost consumers $28 million, but sugarbeet producers would gain $16 million 
per year. The overall economic impact caused by the cancellations of phorate and terbufos would 
be a net loss of $12 million. 


Sugarcane: Phorate is applied to approximately 81,000 acres (32%) of the sugarcane that is 
replanted in the United States each year (Table 22). Phorate accounts for 60% of soil insecticide 
usage on replanted sugarcane in Florida, the only state in which it is registered for use on 
sugarcane. Sugarcane yields would not be affected and production costs would decrease slightly 
should phorate be canceled (Table 24). The net economic impact caused by the cancellation of 
phorate would be a negligible gain of $12,000 (Table 25). 


Wheat: Phorate is applied to approximately 284,000 acres (0.4%) of wheat in the United 
States (Table 22). Wheat yields on treated acreage would not be reduced should phorate not be 
available and it is estimated that production costs would increase less than $1 per acre (Table 
24). The net economic impact caused by the cancellation of phorate would be a loss of $171,000 
(Table 25). 
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Summary 


The estimated short-term economic effect (sum of consumer and producer effects) of the 
cancellation of phorate would be a loss of $21 million per year. The economic effect of 
cancellation would be greatest to corn and potato producers, who would lose $10.0 million and 


$8.6 million per year, respectively. The cancellation of phorate would have minimal effects on 
commodity prices and consumers. 


The economic impact caused by the cancellation of terbufos would be a loss of approximately 
$127 million, including a loss of $118 million by corn producers and consumers. Should the 
registrations of both phorate and terbufos be canceled, the economic loss would be $168 million, 
including a loss of $146 million by corn producers and consumers. The cancellation of terbufos 
would cause a short-term increase in corn and sugarbeet prices of less than 5%. Consumers of 
corn and sugarbeet products would consume less and pay more as a result. Net market 
revenues of these two crops would increase. However, corn commodity program participants who 
are users of phorate or terbufos would suffer a net loss because commodity program payments 
would decrease more than their net market revenues would increase. The cancellation of the 
registrations of terbufos, or both phorate and terbufos, would have minimal economic impacts on 
the prices of other crops for which they are registered. 
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Table 24. Estimated change in crop production if phorate is replaced by alternative 


insecticides 
nt ll a a ar a aa i age ale SME el ee 
Total 
Change in change in 
Change in? Change in Production production production 
Crop yield production unit cost cost 
Se eee 
(%) (thousands) ($/A) ($) 
beans 
dry 0.0 (@) tons LOEZO Zo 
snap 0.0 0 tons 3.40 90 
corn =O; 7 -1,684 bushels Bm05 Oris 
cotton SB) 58 ays bales 5.93 2,456 
peanut 0.2 803 pounds S/S) 877 
potato =0.3 -423 CWT ie 0 Waites) 
sorghum =2..1 -388 bushels 2.90 838 
soybean 0.0 0 bushels 0.00 0 
sugarbeet =1.0 -9 tons 2325 OS 
sugarcane 0.0 0 tons =O).15 -12 
wheat GEO 0 pounds 0.60 7a 
Total 18,848 





*Source: NAPIAP Phorate Survey, 1990. 


Table 25. Economic impact on United States agriculture if phorate is replaced by 
alternative insecticides 





Change? Change® Net 

in in net Consumer economic 
Crop price revenue impact impact 

(3%) (thousand $) (CS) (thousand $) 

beans 

dry 0 =235 0 =235 
snap 0 -90 0 -90 
corn 0 -10,253 0 =O ZS: 
cotton 0 27299 0) 2,299 
peanut 0 -660 0 -660 
potato 0 =87,.590 0 =), 590 
sorghum (6) = Oo) 0 il oul 
soybean 6) 0 fe) 0 
sugarbeet 0 -1,430 0 -1,430 
sugarcane 0 2 0 aL 
wheat 0 =-171 0 =171 
Total =20,655 ) -20,655 


ee 


"Change in farm-level commodity price (N). 
"Change in net producer revenue (CR). 
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Table 26. Estimated change in crop production if terbufos is replaced by alternative 
insecticides 





Total 
Change in change in 
Change in? Change in Production production production 
Crop yield production unit cost cost 
(3) (thousands) ($/A) ($) 
corn Olea =59, 128 bushels =O), 30 -7,826 
sorghum -1.2 -508 bushels =e -749 
sugarbeet =2.1 29 tons 13523 3,939 
Total -4,636 





*Source: NAPIAP Terbufos Survey, 1990. 


Table 27. Economic impact on United States agriculture if terbufos is replaced by 
alternative insecticides 





Change* Change® Net 
in in net Consumer economic 
Crop price revenue impact impact 
(3) (thousand $) ($) (thousand $) 
corn 2 130624° -248646 =I SO2S 
sorghum 0 =165 0 -165 
sugarbeet 2 11234 -20048 -8815 
Total 141692 -268695 -127003 


EEE 


*Change in farm-level commodity price (N). 

"Change in net producer revenue (CR). 

‘since corn price would increase, commodity program deficiency payments would 
decrease $206 million. When the change in payments is considered, corn producers 
would lose $75 million. 
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Table 28. Estimated change in crop production if phorate and terbufos are replaced by 
alternative insecticides 


SS 


Total 
Change in change in 
Change in Change in? Production production production 
Crop yield production unit cost cost 
an a cE ga i a ig a ll 
(3) (thousands) ($/A) ($) 
beans 
dry 0.0 fe) tons LORZO 235 
snap 0.0 0 tons 3.40 90 
corn =O ie -68, 360 bushels QO.15 1,799 
cotton See ale | bales 5.93 2,456 
peanut ORn2 803 pounds Salo 877 
potato -0.3 -423 CWT ital exe Orsi 
sorghum -1.8 =, LOO bushels 0.30 282 
soybean 0.0 0 bushels 0.00 0 
sugarbeet -2.5 cot ar A) tons L535 5,288 
sugarcane 0.0 0 tons -0.15 sil 
wheat 0.0 0 pounds 0.60 ayia 
Total uly] stay) 





*Source: NAPIAP Phorate and Terbufos Surveys, 1990. 


Table 29. Economic impact on United States agriculture if phorate and terbufos are 
replaced by alternative insecticides 





Change? Change? Net 
in in net Consumer economic 
Crop price revenue impact impact 
(3) (thousand $) (5: (thousand $) 
beans 
dry 0 -235 0 -235 
snap 0 -90 0 -90 
corn 2 138, 410° -284,414 -146,004 
cotton 0 2,299 0 2,299 
peanut 0 -660 0 -660 
potato 0) -8,590 fo) -8,590 
sorghum 0 -2,261 (6) -2,261 
soybean 0 0 0 0 
sugarbeet 3 15,690 -27,764 —12 075 
sugarcane 0 iby 0 12 
wheat 0 -171 0 -171 
Total 144, 403 =312,178 GMS 


a 


"Change in farm-level commodity price (N). 

"Change in net producer revenue (CR). 

“Since corn prices would increase, commodity program deficiency payments would 
decrease $236 million. When the change in payments is considered, corn producers 


would lose $98 million. 
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Effects of Phorate and Terbufos on Wildlife 


Scott E. Hygnstrom 


Several factors contribute to the risks of a pesticide to non-target wildlife. The most 
important factors are 1) the behavioral traits of non-target wildlife and 2) the toxicity, 
environmental persistence, and bio-availability of the parent pesticide compounds and their 
residues. Direct effects of pesticide exposure to wildlife include mortality of adults, juveniles, 
and young. Sublethal exposure can also affect survival and reproduction. Exposure to 
organophosphate insecticides can be lethal or teratogenic to avian embryos (Hoffman and 
Albers, 1984) and can lead to anorexia and reduction of body weight in birds and mammals 
(Gre et al., 1983). Loss of body weight may result in greater susceptibility to environmental 
stress (Grue et al., 1986) and may affect reproduction by inhibiting egg production (Stromborg, 
1981), reducing litter size (Spyker and Avery, 1977), or retarding growth of young (Grue and 
Shipley, 1984). Indirect effects of pesticides on food and cover used by wildlife is also a 
concern. Pesticide-induced reduction of invertebrate abundance has resulted in abandonment 
of nests, reduced survival of young, and emigration (Grue et a/., 1986). 


The mechanisms of chemical exposure vary among wildlife species, largely because of 
differences in behavioral traits. Birds, especially waterfowl (Anseriformes spp.), appear to be 
the wildlife group most at risk because their food habits and flocking behavior tend to 
concentrate them in areas where agricultural chemicals are used. In terrestrial habitats, 
ingestion of pesticides directly or by way of contaminated food and water are believed to be the 
primary routes of wildlife exposure to pesticides (Grue et a/., 1983). In wetland habitats, 
ingestion and dermal absorption are primary routes of exposure, particularly for those species 
that spend a significant amount of time in the water (Grue et a/., 1986). In addition, there are 
several anatomical, physiological, and biochemical factors that make birds more susceptible to 
pesticides than mammals (Walker, 1983). 


Phorate is extremely toxic to birds and mammals given either oral or dermal exposure 
(Smith, 1987). The acute oral toxicity (LD,,) and the purity (%) or grade are: rat (Rattus rattus) 
(0.6-3.7 mg/kg, 90%), northern bobwhite (Colinus virginianus) (7.0-21.0 mg/kg, technical and 
15G), and mallard (Anas platyrhynchos) (0.6-2.6 mg/kg, 88% and 98.8%). Acute dermal 
toxicities (LD,,) are: rat (2.5-6.2 mg/kg, technical) and mallard (203.0 mg/kg, 88%). The parent 
compound of phorate and its oxidative products, phosphorodithiolate sulfoxide and sulfone, are 
both potent and irreversible cholinesterase inhibitors (Bowman and Casida, 1958; McCarty et 
al., 1969; Hill and Fleming, 1982). The low predicted bioconcentration factor and moderate to 
high soil adsorption coefficient of phorate are indications that it is not highly persistent in the 
environment (Smith, 1987). The parent compound and oxidative products may persist beyond 
16 weeks in silt loam soil (Getzin and Shanks, 1970). In water-saturated soils phorate is more 
persistent, leading to a reduction of oxidative products to the more toxic parent compound 
(Walter-Echols and Lichtenstein, 1978). 


Terbufos is extremely toxic to mammals given either oral or dermal exposure (Smith, 1987). 
Although birds are typically more susceptible to pesticides than mammals, there currently are 
few data available for terbufos toxicity. Acute oral toxicities (LD.,) are: rat (4.5-9.0 mg/kg, 
technical), and northern bobwhite (15.0-26.0 mg/kg, technical and 15G). No acute dermal LD,, 
data are available. Both the parent compound and its oxidative product, phosphorodithiolate 
sulfoxide, are potent and irreversible cholinesterase inhibitors (Labisky, 1975; Laveglia and 
Dahm, 1975). Field and laboratory data indicate that the bioaccumulation and persistence of 
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terbufos in the environment is relatively low (Smith, 1987). Residues of terbufos in corn forage 
ranged from undetectable amounts at 60 days to 0.43 mg/kg at 40 days after band-furrow 
application (Sellers et al., 1976). The half-life of the parent compound is approximately two 
weeks in sandy-loam soils (Labisky, 1975). 


In a study of a variety of pesticides, Wauchope (1978) concluded that surface runoff from 
agricultural fields would be no more than 0.5% of the amount applied, unless rainfall was heavy 
within two weeks of application. If rainfall does occur within two weeks of application, there 
may be a loss of up to 20% of highly mobile chemicals through runoff. Sheehan et al. (1986) 
estimated that runoff would contribute as much as 50% of the total pesticide input in Canadian 
prairie wetlands following a "catastrophic" runoff event. The primary factors that affect the 
amount of a chemical that is lost in runoff are: 1) the properties of the chemical and its 
formulation; 2) the intensity, duration, and timing of rainfall; and 3) the characteristics of the soil 
drainage system (Willis and McDowell, 1982). 


The proximity of wetlands to agricultural fields increases risks of environmental 
contamination through pesticides because of the potential for runoff and flooding. Grue et al. 
(1986) identified applications of pesticides to cultivated wetland basins as a significant route for 
pesticide entry into wetlands. Depending on seasonal precipitation, large numbers of 
temporary, seasonal and semipermanent wetlands may be cultivated and their basins treated 
with agricultural chemicals. In years with normal precipitation, one-third of all prairie-pothole 
wetlands may become dry enough to be cultivated; in a dry year, it may be possible to cultivate 
up to two-thirds of these wetlands (Smith et a/., 1964). In addition, permanent wetlands are 
often bordered by crop fields and therefore subject to runoff of agricultural chemicals. In 1985, 
94% of the Waterfowl Production Areas of central North Dakota were adjacent to cropland, and 
37% were completely surrounded by cropland (Grue et al., 1986). 


Wildlife Mortality 


A National Agricultural Pesticide Impact Assessment Program (NAPIAP) survey of state and 
federal agency personnel was conducted to obtain an estimate of wildlife mortality attributable 
to exposure to phorate and terbufos (Table 30). The agencies included in this survey were: 
regional offices of the Environmental Contaminants Section, U.S. Department of Interior/Fish 
and Wildlife Service (USFWS); state directors of the Animal Damage Control Section, U.S. 
Department of Agriculture/Animal and Plant Health Inspection Service (USDA/APHIS/ADC); 
state wildlife specialists, Cooperative Extension Service (CES); and the following departments 
at the state level: Agriculture (DOA), Conservation, Environmental Control, Environmental 
Protection, Fish and Game, and Natural Resources. The survey requested information and 
documentation regarding wildlife mortality due to terbufos and phorate exposure. The survey 
requested specific information about crop or site, formulation, application method, accordance 
with label requirements, wildlife species and number of individuals killed, and other associated 
details. The survey was mailed June 25, 1990 with a response requested no later than July 18, 
1990. A follow-up survey was mailed to 20% of the non-respondents, chosen at random, on 
August 27, 1990 with a response requested no later than September 10, 1990. 


Most responses to the survey were received from CES (29.5%) and state agencies 
responsible for management of natural resources and environmental protection programs 
(28.3%). Additional responses were received from USDA/APHIS/ADC (17.6%), state DOA 
(17.0%), USFWS (4.5%), and universities (3.1%). 
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Table 30. Summary of results from a survey of state and federal wildlife 
specialists regarding wildlife mortality due to phorate and terbufos? 


SS 


Number Percent 

St a a er gel Nc i Pa el em 
Surveys sent SLT == 
Surveys returned 154 49 
States reporting 50 100 
Respondents having no documentation 142 B2 
Respondents having documentation on phorate 10 6 

total phorate incidents ital Sas 

phorate incidents where label was followed? als 9 


Respondents having documentation on terbufos iz 3k 
total terbufos incidents 4 SS 
terbufos incidents where label followed 4 100 


Total incidents reported iio) 





“Source: NAPIAP Phorate and Terbufos Surveys, 1990. 

*In six of the eleven reported incidents, it was unknown whether phorate 
was applied according to label recommendations; however, three of the six 
may have been in accordance. 


The follow-up survey of non-respondents yielded no additional incidents and their responses 
were similar to 92.2% of the responses in the initial survey. 


The following 10 respondents to the NAPIAP survey reported a total of 11 incidents of non- 
target mortality caused by phorate: California DOA; California Extension Service; California Fish 
and Game; Georgia DOA; South Dakota DOA; South Dakota Game and Fish; South Dakota 
USFWS; South Dakota USDA/APHIS/ADC; Region 6 USFWS; and the Wisconsin Department 
of Natural Resources. The following non-target animals were killed in the 11 wildlife mortality 
incidents that involved phorate: 2,065 songbirds (Passeriformes (ocines) spp.); 729 waterfowl 
(including 279 mallards); 270 gulls, shorebirds and wading birds (Charadriiformes spp. and 
Ciconiiformes spp.); 22 raptors (Falconiformes spp.) (including seven bald eagles (Haliaeetus 
leucocephalus)); three upland gamebirds (Phasianidae spp.); four mammals; and 20,000 
mosquito fish (Gambusia affinis) and mollies (Poecilia spp.). In two incidents, animals were 
observed feeding directly on the treated crops. The time span between application and 
mortality ranged from five minutes to six months. Residue analyses were conducted in all 11 
incidents but results were not reported. 


Phorate was involved in incidents on the following crops (the number of incidents follows the 
crop): wheat (4), alfalfa (2), unknown (2), corn (1), and sugar beets (1). The factors associated 
with these incidents include: runoff after heavy rains (4), runoff from irrigation (2), spilled or 
partially empty bags left in field (2), surface application (2), and application in a wetland (1). In 
one incident, 4,500 gallons of phorate concentrate was spilled into a water drainage area after 
a commercial transport accident. One of the 11 incidents involving phorate was in accordance 
with the label, while 4 were not in accordance. It is unknown whether the remaining 6 reported 
incidents were in accordance with label recommendations; however, it was reported that three 
of the 6 may have been in accordance. Recommendations made by respondents included: 
follow label recommendations (4), prevent runoff (3), avoid use of pesticides in wetlands (3), 
prohibit use near waterfowl areas (2), incorporate into the soil (1), and contain spills (1). 


Two respondents (North Carolina DOA/Pesticide Section, Ohio DOA/Pesticide Regulation) 


identified four incidents in which terbufos (Counter 15-G) caused non-target mortalities after 
application to corn (in-furrow) in accordance with label directions. A total of 3,000 bream 
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(Lepomis spp.), 12 crayfish (Orconectes spp.), and 1 black snake (Elaphe obsoleta) were killed 
in these four incidents. In each incident, heavy rains followed application, resulting in runoff of 
terbufos into nearby ponds or waterways. The time span between application and mortality 
was from 4 to 15 days. No animals were observed feeding directly on the pesticide or the 
treated crops. Residue analyses were conducted in all incidents but results were not reported. 


The movement of phorate and terbufos through runoff and their presence in standing water 
poses a threat to wildlife. Eight of 11 (73%) phorate incidents and 4 of 4 (100%) terbufos 
incidents were associated with runoff or standing water caused by rainfall or irrigation. The 
moderate to high soil adsorption coefficient of phorate suggests that soil particle runoff would 
be significant only when precipitation was heavy (Kenaga, 1980). 


Two wildlife mortality incidents occurred when phorate was not incorporated after application. 
One incident involved an aerial application to a crop field while the other was an inadvertent 
application to a field road. Neither of these applications were in accordance with the product 
label. Labisky (1975) conducted a simulated field study in which confined ring-necked 
pheasants (Phasianus colchicus) were exposed to terbufos granules pressed into the soil at 
rates of 1 and 5 Ib technical per acre. The pheasants were exposed dermally through dusting 
behavior and possibly through ingestion, but ingestion was not observed. After two months, no 
mortality or signs of acute or chronic poisoning were observed. Based on these results and the 
results of the NAPIAP survey, there does not appear to be a significant threat to wildlife due to 
direct exposure and ingestion of phorate and terbufos granules if the granules are incorporated 
into the soil according to label recommendations. 


Environmental Concerns Regarding Usage 


A second NAPIAP survey was conducted to obtain information regarding the concerns of 
commodity specialists regarding the economic aspects of phorate and terbufos usage. The 
following question on environmental concerns was included: 


"Are there any environmental reasons that would deter you from recommending 
terbufos/phorate ?” 


In addition, the corn/sorghum group asked the following question: 


"Are you aware of any bird or other wildlife kills caused by the use of granular formulations 
of phorate or terbufos in your state? If yes, please list the number of incidents, species 
involved, and the cause.” 


Most (93%) of the commodity specialists who responded to the survey did not express 
concerns regarding the effects of phorate and terbufos on the environment. The major 
environmental concerns that were expressed by the commodity specialists were (number of 
respondents in parentheses): surface and groundwater contamination and runoff (6); hazards to 
wildlife (5); and lack of incorporation of granules (3). The results of the survey are summarized 
below. 


Corn and Sorghum: 31 states responding 
Illinois and Indiana noted environmental concerns regarding the use of phorate or terbufos. 


Indiana was concerned about the potential for runoff, while Illinois was concerned about the 
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high toxicity to mammals. Both states suggested that phorate and terbufos not be used near 
bodies of water. When asked to identify any bird or wildlife kills caused by phorate or terbufos, 
South Dakota noted three incidents of bird or wildlife mortality caused by phorate (corroborated 


by the survey of agency personnel) and Ohio noted that fish kills caused by terbufos occur 
rarely. 


Cotton: 16 states responding 

Mississippi, New Mexico, and Oklahoma noted environmental concems regarding the use of 
phorate. Their concerns included the increased exposure risks to birds and other wildlife, high 
mammalian toxicity, and an increased risk to the environment. 
Peanut: 8 states responding 

No environmental concerns regarding the use of phorate were expressed. 


Soybean: 39 states responding 


Arkansas and Tennessee noted environmental concems regarding the use of phorate. Their 


primary concern was related to increased environmental hazards to fish, birds, and other 
wildlife. 


Beans: 20 states responding 
No environmental concerns regarding the use of phorate were expressed. 
Potato: 22 states responding 


Louisiana and Maine expressed concern regarding the effect of phorate usage on 1) surface 
and groundwater contamination, and 2) birds. 


Sugarbeet: 10 (phorate) and 9 (terbufos) states responding 
No environmental concerns regarding the use of phorate or terbufos were expressed. 
Wheat: 11 states responding 


Missouri and Montana expressed concern regarding the effect of phorate usage on 1) 
groundwater supplies, and 2) wildlife when granules are not completely covered with soil. 
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Summary 


A total of 154 individuals representing federal and state agencies in 50 states responded to 
a survey to determine the effects of phorate and terbufos usage on wildlife. Ninety-two percent 
(142) of the respondents had no information or documentation of wildlife mortality due to 
phorate or terbufos usage. These results suggest that environmental problems associated with 
the application of these chemicals are uncommon. However, these data must be interpreted 


with caution since a significant amount of wildlife mortality caused by pesticide exposure goes 
unnoticed or unreported. 


Four incidents were reported in which wildlife mortality resulted from the application of 
terbufos. In each incident, terbufos was incorporated into the soil according to label directions, 
but heavy rains caused runoff and transportation of the pesticide to surface water or wetland 
areas where it was a hazard to wildlife. Eleven incidents occurred in which wildlife mortality 
resulted from applications of phorate. Four of these incidents were in accordance with label 
directions. One of the 11 incidents involving phorate was in accordance with the label, while 4 
were not in accordance. It is not known with certainty whether the remaining six incidents were 
in accordance with label recommendations; however, three of the six may have been in 
accordance. Six of the incidents were confounded by heavy rains or irrigation which resulted in 
runoff or flooding. It appears that transportation of phorate and terbufos poses a hazard to 
wildlife when heavy rains or irrigation cause runoff or flooding. For this reason, the labels of 
phorate and terbufos should be modified by crop or registered site to limit or restrict their use 
on sites that have a high potential for flooding or excessive runoff. Factors that should be 
considered include seasonal rainfall patterns, proximity of the groundwater table to the soil 
surface, susceptibility of soil types to erosion, and slope of the soil surface. In 9 of the 11 
wildlife mortality incidents that were reported in the NAPIAP survey, phorate granules were not 
incorporated into the soil. It is apparent that incorporation of these chemicals into the soil is an 
important precaution against wildlife mortality. 
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Pesticides Under Review: Phorate and Terbufos Target Pest(s) (1) 


Crop/Site cats aun emwe - ee (2) 
Cee (Average for years 1985-1989) 
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Assume that during the past 5 years all granular formulations of soil insecticides were not available. 
What is your % estimate of this effect on yield? % (Assume liquid soil insecticides were 
available.) 


Assume that during the past 5 years that both granular and liquid formulations of soil insecticides were 
not available. What is your % estimate of this effect on yield? % 


Name of person supplying information: 


Institution and address: 
Return to: 


Harold J. Stockdale 

Iowa State University 

Department of Entomology 

407 Science II 

Ames, IA 50011-3222 6/90 
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